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Thin-layer chromatography (as it is known today) was developed 
because of a specific need for a rapid method which would separate 
small amounts of compounds. Soon after its development it was 
apparent that the method was more than a niicromethod for sepa- 
rating compounds. It was a means of (1) investigating absorbents 
and solvents from column work, (2) following the course of elution 
chromatography of colorless compounds, (3) checking the course of 
reactions and (4) carrying out certain reactions such as oxidations, 
reductions, dehydrations and so forth, directly on the strip or plate. 
By these means and other reactions applied directly to the unknowns, 
an insight into the type of compound could be gained. All these 
functions of thin-layer chromatography are enhanced by the speed of 
the method and the fact that only minute amounts of material are 
needed. 

In general, a new technique that is ' developed for the separation 
and identification of compounds is not a method which, per se, 
displaces a previous technique. Rather it is an addition to the nu- 
merous tools available to the scientist for solving his problems. 

A man that adopts the idea that a given technique is the solution 
to all his problems is missing an opportunity. Many times combi- 
nations of various techniques give results which surpass anything that 
can be attained with any of the individual techniques. Keeping this 
in mind it is to be hoped that this book will be an introduction to a 
method to those who have not used it and an aid to those who wish 
to further their knowledge of the subject. 

J. G. Kirchner 

Linden^ NJ, 
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Chromatography on thin layers of adsorbent was conceived as 
early as 1938 and developed largely during the early 1950’s. However, 
it has been used more extensively since about 1958 and now appears 
to be in an era of rapid development and almost universal adoption. 
At such a time, a book setting forth the basic technical details and 
surveying the field is in order. The author first observed the tech- 
nique in the laboratory of Professor Hans Schmid in Zurich, Switzer- 
land and was much impressed. This impression and the successful 
application of the method in his own laboratory have prompted the 
writing of this book. 

The text and the bibliography cover the majority of the literature 
through December 1962 and a few particularly pertinent papers in 
1963. 

It is the intention of the author to write a condensed and non- 
theoretical description of this simple laboratory technique. Thus, 
the experimental aspects and “tricks’’ will be taken up, catalogued 
and discussed in considerable detail. In the last Chapter, an attempt 
will be made to tabulate, in a concise and meaningful way, as many 
specific applications of the method as possible. Any theoretical treat- 
ment of the subject must consist of two portions. The first is a dis- 
cussion of general chromatographic theory and the second is a con- 
sideration of the deviations from the theory which arise in thin 
layers. Such a discussion is beyond the scope of this book. 

The author would like to express his appreciation to the following 
persons who have made his career — and, thereby, this book — possible : 
Professors James L. Hall, C. L. Lazzell, L. A. Pursglove, Katherine 
Wilson and Elizabeth Frost Reed who are or were on the Staff of 
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West Virginia University; Professor Carl Djerassi of Stanford Uni- 
versity; Professor Hans Schmid of the University of Zurich; Dr. 
Ulrich Weiss of the National Institutes of Health, and, finally, his 
parents, Mr. and Mrs. J. S. Bobbitt of Bluefield, West Virginia. 
Beyond doubt, the author owes his greatest debt to Professor Melville 
Lawrence Wolfrom of the Ohio State University and to him this 
book is respectfully dedicated. 

The actual writing of the text would have been impossible without 
the assistance of the author’s wife, Jane Ann Hickman Bobbitt, 
Drs. Roy J. Gritter, Ana Rother and R. G. Jensen of the University 
of Connecticut, Dr. H. K. Mangold of the Hormel Institute, Uni- 
versity of Minnesota, and Mr. Herbert R, Simonds of the Reinhold 
Publishing Corporation who read portions of the manuscript at 
various times. The following co-workers actually carried out most 
of the thin-layer chromatography and assisted in the final checking 
and proofreading of the text: Mr. Christopher Allen, Dr. Robert 
Doolittle, Mrs. Judith Douville, Dr. Robert Ebermann, Dr. K. L. 
Khanna, Mr. Donald Kiely, Miss Judith McNew, Dr. Sardar 
Mahboob, Dr. Ana Rother and Mr. David W. Spiggle. The author 
is further indebted to his secretary Mrs. Jean Jemielity for typing 
the manuscript, to Mrs. Eileen vStock who made all of the drawings 
and to Mr. Ernest F. Spitzer and the Ghas. Pfizer Co. of Groton, 
Connecticut for the use of their fine library. 


Storrs^ Conn, 


James M. Bobbitt 
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CHAPTER 1 

Introduction, History and 
General Applications 


INTRODUCTION 

Since the very beginning o£ the science o£ chemistry, its prac- 
titioners have been plagued by two technical problems. The first is 
to learn the purity of a given preparation or, conversely, how many 
components are in a given system. This information is necessary re- 
gardless of whether the system is a mineral mixture, an extract of 
some plant or animal, or the result o£ a chemical reaction. The sec- 
ond problem is to resolve the system into its pure components so that 
they can be characterized and studied. The earlier chemists per- 
formed phenomenal feats by fractional crystallization and distilla- 
tion, but it has only been in the last fifty years or so that the various 
techniques of chromatography have promised true solutions to these 
problems. 

It follows from the stated problems that chromatography can be 
considered from two viewpoints. One is diagnostic^ or qualitative 
and the second is preparative.^ The object of the former is to deter- 
mine the number of components in a system and to learn, if possible, 
what they are without actually isolating them. The latter viewpoint 
involves the separation of a mixture into its components in such a 
way that reasonable amounts can be isolated and studied. Still a third 
aspect is quantitative, or concern about how much of each compo- 
nent is present. 

These concepts and others in this section have been well reviewed by Keulemans^®’ 
and will be only briefly discussed in this volume. 
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All of the techniques of chromatography are based upoii the same 
simple principle. They involve a moving system of some type (liquid 
or gas) which is in equilibrium with a stationary phase. These phases 
are so designed that the mixture to be separated will be distributed 
between the two. When the stationary phase is a solid and the forces 
acting between it and the mixture are adsorptive in nature, the tech- 
nique is called adsorption chromatography. When the stationary 
phase is a simple liquid or a liquid held on some type of support, the 
chromatogTaphy is considered to be partitioji chromatography . 

In general, adsorption chromatography involves a relatively non- 
polar moving phase and works best when the substances to be sep- 
arated are not very polar. The major advantages over partition 
chromatography are that larger quantities can be separated in com- 
parable systems and that a controlled temperature is not necessary. 
Partition chromatography, on the other hand, generally involves 
polar solvents and mixtures of very polar compounds such as carbo- 
hydrates or amino acids. Since it is basically dependent upon the dis- 
tribution coefficients of the substances in question, which are, in turn, 
highly sensitive to temperature and other conditions, a carefully con- 
trolled atmosphere is required. The line of demarcation between ad- 
sorption and partition chromatography is, however, often blurred. 

At this point, it would be apprdpriate to define some of the terms 
as they will be used throughout this book. The adsorbent will be the 
finely divided powder wffiich makes up the stationary phase in ad- 
sorption chromatography, or holds the stationary liquid in partition 
chromatogTaphy, The layer will refer to a thin layer of absorbent, 
bound or unbound, deposited on a glass plate. The term spotting 
will refer to the application of the substance to be separated to the 
thin layer. The passing of a liquid through the layer to affect a sep- 
aration will be referred to as development and the liquid itself will 
be consistently called the deveWper. "The, term eluent will be used 
only when the complete removal of a substance from the adsorbent 
is intended. The term visualization will refer to the rendering visable 
of the results of a developed Chromatogram. The Rf will be the dis- 
tance traveled by a given substance divided by the distance traveled 
by the solvent front. Both are measured from the origin. 

Column chromatography, as originated by Tswett^«^^’‘iio 
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practiced by legions of chemists, was primarily an adsorption tecl> 
nique used for preparative work. Column chromatography using an 
adsorbent such as silica gel or cellulose as a support for a liquid was 
conceived by Martin and Synge^‘^^ and is partition chromatography 
for a preparative purpose. The countercurrent distidbution of Craig 
and his co-workers''^^-^^ may or may not be defined as chromatography 
but at least involves similar phenomena. It might also be considered 
a partition technique with a preparative goal. None of the above 
techniques have been particularly successful as diagnostic methods 
due to the extensive labor involved in the preparation of a single 
chromatogram. 

The first major development in diagnostic chromatography was 
the paper chromatography pioneered by Consden, Gordon and Mar- 
ti^ 57a.57b xhe method was fantastically successful and was rapidly 
adopted all over the world and in every type of laboratory. The ma- 
jor advantages of paper chromatography are its extreme simplicity 
and the fact that relatively inexpensive equipment is needed. How- 
ever, since it is a partition technique with the stationary liquid 
phase held on a piece of paper, it works best rvith polar developers 
and small amounts of polar substances. While techniques of prepara- 
tive paper chromatography have been worked out and used success- 
fully, they are laborious. 

The second, primarily diagnostic technique of chromatography 
was gas chromatography. This was either an adsorption chromatog- 
raphy, as pioneered by Turner, Claesson®® and Cremer,^^’®^ or a 
partition chromatography, as suggested by Martin and Synge^^^ 
and introduced by James and Martin.^'^® The advantages of gas chro- 
matography are its speed of operation, its almost unbelievable degree 
of resolution and the fact that the results can be interpreted quan- 
titatively. The disadvantages are that relatively expensive and com- 
plex equipment is needed and that the substances to be separated 
must have at least some vapor pressure at workable temperatures. The 
use of gas chromatography as a preparative technique has been quite 
successful although hampered by technical difficulties. 

Thus, it would appear that a diagnostic technique which is ad- 
sorptive in nature and which combines the technical simplicity of 
paper chromatography and the speed of gas chromatography is lack- 
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ing. Ideally, such a method should lend itself to quantitative inter- 
pretation and should be useful also as a preparative method. Most of 
the conditions are fulfilled by thin-layer chromatography, or, as it is 
sometimes called, “thin-film,” “open-column,” “chromatostrip” or 
“chromatoplate” chromatography. In essence, this is a type of adsorp- 
tion chromatography where the adsorbent is a thin layer of some solid 
deposited on a glass plate support. In operation, it is analogous to 
paper chromatography; that is, the substance to be separated is 
placed a short distance from one end of the layer and is resolved by a 
solvent passing through the layer by capillary action. The develop- 
ment is carried out in a simple closed system as in paper chromatog- 
raphy, but is much more rapid. When the proper solvent mixtures 
are used, the method can become a partition technique. Thus far, 
the quantitative interpretation has involved errors of 3 to 5 per cent, 
but the method shows promise as a preparative means for quantities 
of one gram or less. 

HISTORY OF THIN-LAYER CHROMATOGRAPHY 

It is always difficult to sort out the various originators of some con- 
cept or technique and to assign credit, because any such development 
is the result of contributions and ideas from many people and labora- 
tories. Such contributions vary from the initial flash of genius to the 
more practical aspects such as the introduction of new or more con- 
venient equipment or materials. The historical development of thin- 
layer chromatography is best divided into two such phases. The first 
phase is the conception and initial development of equipment and 
techniques followed by their slow but steady adoption. The second 
phase is an extensive and rapid development following the invention 
of new equipment, the standardization of the method and, particu- 
larly, the commercial availability of apparatus and adsorbents. A 
third phase will surely follow in which the method becomes a routine 
technique applied universally and without particular thought and 
attention. 

In 1938, Izmailov and Shraiber^®® described the use of thin layers 
of adsorbent on glass plates for the separation of galenicals. The 
English summary of this paper is as follows: 
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“A method for chromatographic adsorption analysis is elaborated, 
based on the observation of the division of substances into zones on 
a thin layer of adsorbent, using one drop of the substance. The re- 
sults obtained by the method proposed are qualitatively the same as 
those obtained by the usual chromatographic adsorption method of 
analysis. The method enables one to obtain satisfactory results using 
one drop of the substance under test, very small quantities of the 
adsorbent and minimal time. The method may be used for the eval- 
uation of galenical preparations and their identification, as well as 
for a preliminary test of the adsorbent and the kind of developer.” 

In 1941, Crowe®^ described the use of thin layers of unbound ad- 
sorbent to help predict the best solvents for column chromatography. 
In a book entitled “Introduction to Chromatography”*^^^ which was 
published in 1947, Williams reported the use of thin layers of ad- 
sorbent held between horizontal glass plates. The top plate had a 
small hole for application of the sample and the developer, and the 
chromatogram was made in a circular fashion. 

The use of a binding agent (starch) to hold the layers in place was 
introduced by Meinhard and HalF^® in 1949. The resulting layers of 
alumina-“Celite” prepared on microscope slides, were used for the 
separation, again in a circular fashion, of inorganic salts. 

The next and, by far, the most extensive and comprehensive con- 
tributions to the development of thin-layer chromatography were 
made by J. G. Kirchner, J. M. Miller and their co-workers at the U. S. 
Department of Agriculture Laboratories in Pasadena. In an extensive 
series of papers (1951-1957) this gToup investigated various adsorb- 
ents and binding agents, designed equipment for the preparation 
of “chromatostrips”^^® and used the technique for the investigation of 
the terpenoids.^®®”^^^’^^^”^®^ Narrow glass plates called “chromato- 
strips” (0.5 by 5.25 in.) with a silicic acid-starch layer were found to 
be most useful for their work although they also introduced the use 
of larger plates.^®^ The larger plates called “chromatoplates” by Reit- 
sema^^^ were used by him in extensive work on essential oils.^^^'^^’^ 

Starting a little later, but roughly paralleling the work of Kirchner 
and Miller, Mottier and Potterat^®^ worked out a method for analyz- 
ing food dyes on layers of nonbonded alumina and even separated 
amino acids by this technique.^®'^ Some of the other workers in the 
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earlier phase (prior to 1956) were Ito, Wakaniatsu and Kawa- 
Labat and Montes, Griiner and Spaich,^®i Coveney, 
Matthews and Pickering,®® G. Wagner, -*26 Rigby and Bethune,®^® Bry- 
ant, Lagoni and Wortmann,^!®’^!^ Demole, 'f® Fukushi and Obata,“® 
Onoe-®* and Maruyama.-*^ The earlier phases are well reviewed by 
Demole in French” and English d® 

The major reason for the slow development and adoption of the 
technique during the time from 1951 to 1958 was the fact that equip- 
ment and chemicals were not commercially available. More inertia 
must be overcome in the construction of equipment and the prepara- 
tion of adsorbents than in signing a check or placing an order. 

This last obstacle was removed by Egon Stahl in Germany. Stahl, 
working with C. Desaga, G. m. b. H., in Heidelberg, devised a system 
involving standard-size glass plates (5 by 20 cm and 20 by 20 cm), a 
new apparatus for the preparation of layers, and a standard adsorb- 
ent (silica gel-plaster of Paris). Subsequently, the apparatus became 
commercially available from Desaga and the adsorbent became avail- 
able from E. Merck, A. G., in Darmstadt. Stahl and his co-workers 
studied the variables of the technique in a thorough manner,®®^ ap- 
plied it to many new types of organic compounds®®®'®®* and pioneered 
the use of new adsorbents. These new adsorbents immediately became 
commercially available. Stahl called the method “Diinnschicht-Chro- 
matographie” or “thin-layer chromatography” (“TLC”) and this 
name seems to be widely accepted. 

The applications of the thin-layer technique mushroomed after 
1958 so that it is impossible to mention all of the people who have 
contributed. However, some of the more prominent workers in the 
field have been Stahl, of course, and Kaufmann, Demole, Ganshirt, 
Mangold, Stanley and Seiler. The contributions of these people and 
many others will be discussed later. 

The use of thin-layer chromatography is now almost routine in 
natural product, pharamaceutical and lipid laboratories, but has not 
been so well accepted by the organic chemists as it might. The appli- 
cations to various aspects of nonlipid biochemistry have been ham- 
pered by the very polar molecules involved, but these problems are 
rapidly being overcome by the introduction of new adsorbents. 

The field has recently been reviewed again by Demole in French''® 
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and Engiish;^^ by Stab.l/'^'^- Schorii^*^^ and Wagner^"'^ in German; by 
Mangold^’^“ and Wollish, Schmall and HawrylyshyiT^"^" in English; by 
Midialec^^® and Prochazka^^^ in Czech; by Vicque*^^^® in Spanish; by 
Kokoti-Kotakis;-®^ and by Jensend'^® 

At present, three books have been published on the subject. Two 
of these, one edited by Stahr^"^ with contributions from Bolliger, 
Brenner, Ganshirt, Mangold, Seiler and Waldi and one written by 
Randerath,^^^^ are in German. The third, by Truter^‘^^ is in English. 

GENERAL APPLICATIONS 

The motives for the application of thindayer chromatography are 
many and varied. Some of these will be considered in the following 
discussion. The prejudices of an organic chemist with inclinations 
toward natural product work will be apparent. The various points 
will all be fairly obvious, but may, on occasion, suggest a solution to 
a research problem. Examples will be cited to illustrate the discus- 
sion, although it should be noted that they are chosen at random and 
no attempt has been made to cite all of the possible references. 

Preliminary Study of a System or Situation 

The small amounts of material involved and the speed with which 
results are obtained make thin-layer chromatography a valuable tool 
for preliminary explorations of many kinds. The pharmacognosist 
or plant chemist can learn something about the complexity and, by 
the judicious choice of spray reagents, even something of the com- 
ponents of a plant extract. He can then use the technique to follow 
his gross separation procedures and to learn where the products of 
interest are. The same reasoning applies, of course, to various aspects 
of plant and animal biochemistry. 

The organic chemist, or indeed, any chemist, can explore a large 
number of reaction conditions, using small amounts of material, in 
a short time. This applies to both normal synthetic reactions and at- 
tempts to degrade a natural product or unknown substance. The op- 
erator can readily learn which reactions produce new products and 
which yield only starting material; which reactions produce complex 
product mixtures and which do not. If a given material is sought and 
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is available for comparison, conditions can readily be found which 
produce it in the best yield and the cleanest form. The author and 
his co-workers have used this last general idea in the synthesis of the 
alkaloids, pilocereine^® and anaferine.^^^ 

Intensive Study of a Single Reaction 

After some idea of the best reaction conditions or best degradation 
scheme has been obtained for a given problem, thin-layer chroma- 
tography can be employed to learn considerably more about the re- 
action. A crude kinetic study of the reaction can be made by re- 
moving samples at timed intervals and chromatographing them 
simultaneously with starting material and the expected product, if 
available. This may tell whether stable intermediates are involved, 
whether the desired product is an end product or an intermediate 
and something of the course of reaction. At least, such a study will 
tell \vhen all of the starting material is gone and will aid in establish- 
ing an optimum reaction time. 

The author and his co-workers have used this approach extensively 
in the structure elucidation of the glucoside, catalposide.^^ An ex- 
ample from this work is shown in Figure 1.1. Others have used it in 
the study of the sequential methylation of phenolic acids, the prep- 
aration of p-bromophenylosazones of xylose derivatives,"^ the glycer- 
olysis of linseed oiP^^ and the biogenetic production of terpenes in 
mint plants.^^ The presence of an unstable intermediate was shown 
in the synthesis of pseudoionone.^^’^ 

The Isolation of Reaction Products 

Thin-layer techniques can be applied to the isolation of reaction 
products in several ways. First of all, if acid-base partition, distillation 
or crystallization methods are to be used, one can easily learn some- 
thing of the precision and completeness of the separations and the 
purity of the various fractions. Furthermore, the short times involved 
in learning where the product is will satisfy even the most impatient 
chemist. 

If simple separation methods fail and the products must be sep- 
arated by chromatography, thin layers offer several possibilities. 
Quantities less than one gram can be separated by preparative thin- 
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Figure 1.1. Kinetic study o£ the saponification and epoxide opening 
of the glucoside catalposide.'^'^ The starting material shown on the left at 
zero time is converted after one hour to a deshydroxybenzoyl derivative 
(middle spots) which is, in time, converted to a glycol (lower spots). The 
example clearly shows the presence of an intermediate and indicates the 
optimum reaction time for the preparation of either product. (Photo- 
graph by S. E. Wollman) 

layer chromatography. This is, beyond doubt, easier, quicker and 
more precise than column chromatography and is discussed exten- 
sively in Chapter 9. In the author’s laboratory, this has proved to be 
an ideal method for purifying samples prior to a final crystallization 
for microanalysis. Specific examples of this are noted in the tables in 
Chapter 11. 

Applications to Column Chromatography 

The simplest type of column chromatography involves the re- 
moval of small amounts of contaminants or tars by passing the sam- 
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pie, in a suitable solvent, over a short column of adsorbent. Such a 
process is adaptable to relatively large quantities and gives high 
yields. Thin-layer techniques can predict., in a short time, the ideal 
solvent and adsorbent. One needs only to find a system in which the 
product moves and the contaminant stays at the origin and to trans- 
pose this to a short column of the ideiitical adsorbent. Normally, the 
adsorbents used for thin layers are of such small particle size that a 
pressure system or a vaciumi system must be used when they are 
placed in columns. Such a scheme has been used by Kirchiier and 
Miller^^^^ for the preparation of terpeneless essential oils. The reverse 
of this notion, that is, the isolation of small amounts of product from 
mixtures, has been used to isolate insecticide residues from plant 
material. 

If the quantities involved and the degree of separation required 
are such that normal column chromatography cannot be avoided, 
thin-layer techniques can be used to predict the best solvent system 
and, above all, to analyze the effluent from the column. Several au- 
thors have stated or implied'^^---^^-'^'^ that the solvents used to give good 
separations on thin layers can be used directly on a coluinn of the same 
adsorbent. Duncan*-^^ has published the following formula for pre- 
dicting whether two substances will separate on a column. 

a = Rf ot faster moving substance on a thin layer 

b =: Rf oi slower moving substance on a thin layer 
Separation can only be expected tinder the conditions prescribed by 
Duncan (very high adsorbent-material ratios) when r is greater than 
unity. 

It should be pointed out, however, that all of these situations de- 
pend upon the actual magnitude of the thin-layer Rf values. This is 
particularly true in respect to the Duncan expression which would 
certainly not be valid when the substances run close to the solvent 
front. The separations on a column will depend primarily on the re- 
tention times of the substances involved and these retention times, as 
stated for thin-layer chromatography by Zoellner and Wolfram,^^ are 
inversely proportional to the J?/ values of the substances on the same 
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adsorbent. Thus, a small difference when Rf values are small can be 
expected to produce an acceptable difference in retention times and 
a separation, whereas a large difference when Rf values are close to 
unity will not give a separation. The author has had some success 
using the following scheme. A pair of solvents is found which will 
produce an acceptable separation on a thin layer. The polar compo- 
nent of the solvent system is then reduced until the substances to be 
separated show Rfs of about 0.2. This modified system is then used 
directly on a column of adsorbent identical in every way with that 
in the thin layer. 

The monitoring of the effluent of a column is normally done by 
analyzing fractions obtained using a fraction cutting device. On a 
typical large layer (20 by 20 cm), as many as eighteen samples can be 
analyzed simultaneously. The fractions are then coml)ined according 
to their components. Such applications are also noted in the tables in 
Chapter 11, and an example taken from the author’s work on catal- 
poside is given in Figure 1.2. 

Routine Quantitative Assay 

A number of procedures have been published for quantitative as- 
say by thin-layer chromatography. These are discussed in Chapter 10 
and documented in Chapter 11. Most of the work has been done in 
clinical chemistry where speed is an important factor. The major 
limitation of the technique is the error of about 3 to 5%. 

Thin-Layer Chromatography in Conjuiiction with other Methods 

The use of thin-layer chromatography in conjunction with gas 
chromatography has been especially useful in the lipid field. 

233,236 Normally, the class separations are made preparadvely on thin 
layers and the classes are resolved, generally after chemical modifica- 
tion, by gas chromatography. In this manner, it is possible to take 
advantage of the ease of quantification and the high degree of resolu- 
tion of the latter method. It should be noted, however, that the 
classes are also often resolved by “reversed phase” thin-layer chroma- 
tography and othors 

A method has been suggested^^^ for the combined use of thin-layer 
chromatography and the mass spectrograph. The silica gel taken 
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2.90 g. of mixture on 180 g. of Silica Gel G 



Figure 1.2. A thin-layer analysis of the chromatographic separation of two 
derivatives of catalposide.^® The eluent from a Silica Gel G column was divided 
using an automatic fraction collector and every fifth tube was examined. The 
solvents for the column were predicted from thin-layer data as described in 
the text. The solvent systems used on the column and the analysis layer as 
well as the structure of the materials isolated are shown. The experiment 
dearly shows the degree of separation, the relatively short time involved 
(first sample came off after only fifteen 20 ml fractions) and which fractions 
contain pure compounds. The center spots represent an, as yet, unknown 
compound. 

from the layer and containing the substance to be investigated is in- 
troduced directly into the instrument. The adsorbent does not ap- 
pear to have any effect on the spectrum. The ratio of sample to ad- 
sorbent must be at least T. 100, however, and several micrograms of 
substance are needed. 

The Use of Thin-Layer Patterns 
Thin-layer chromatogTaphy, like paper chromatography, can be 
used to determine characteristic component-patterns for drugs, plant 




Introduction, History and General Applications 


13 


extracts and biochemical preparations. The comparison o£ these with 
patterns of adulterated or diseased samples can provide interesting 
results. Such techniques have been used to study “chemical races" 
in plants/^^ drug contaminants/^’^ mint oils‘^^^ and lipid components 
of multiple sclerosis patients.^^^ 

Classification Systems 

In the alkaloids/^® the estrogens^^^ and mint oil constituents,^^® 
thin-layer chromatographic properties have been correlated to some 
extent with structural types, and classification procedures have been 
developed. Such systems make it easier to identify known compounds 
and to obtain information about unknown ones. 




CHAPTER 2 


Adsorbents 


INTRODUCTION 

The adsorbents most commonly used in thin-layer chromatogTaphy 
are, in the following order, silicic acid or silica gel,* aluminum oxide 
or alumina, kieselguhr or diatomaceous earth and powdered cellu- 
lose. Those which have been used to a lesser extent are polyamide 
powders, ion-exchange powders (modified cellulose), ‘‘Florisil,” cal- 
cium sulfate, polyethylene, “Magnesol,’' hydroxyl-apatite, ‘'Sepha- 
dex/’ zinc carbonate and various mixtures of these. Kirchner, Miller 
and Keller^®^ explored several adsorbents using starch and plaster of 
Paris as binding agents. These data are shown in Table 2.1 . Although 
they pertain only to the separation of essential oils by adsorption 
processes, they show the large number of substances which can be 
formed into usable layers. Only calcium hydroxide layers are really 
poor and, as will be discussed later, the addition of silica gel pro- 
duces usable layers of this substance. Essentially any substance which 
has desirable adsorptive and chemical characteristics can be success- 
fully used in thin-layer chromatography. 

The four most widely used adsorbents, silica gel^ alumina:, kiesel- 
guhr zxiA cellulose, however, offer a wide range of properties and can 
be used in most cases. Waldi, Schnackerz and Munter^^® made a com- 
parative study of Silica Gel G, Aluminum Oxide G and Kieselguhr 
G with the following conclusions. Silica gel and alumina are, respec- 
tively, essentially acidic and basic in character while kieselguhr is 

* The major difference between silicic acid and silica gel appears to be solely in the 
method of preparation. They are chemically identical, but the gel is prepared in such a 
manner as to enhance its adsorptive power. 
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Table 2,1. Gharagt, eristics of Ghromatostrips Made 
WITH Various Adsorbents^ 


Adsorbent Coating 

P hy sical Characteristics 
of Strip 

Resolution of Essential 
Oils 

Magnesium oxide 

soft 

none 

Aiumina 

excellent 

good 

Alumina + silicic acid 

excellent 

good 

Calcium hydroxide 

soft, crumbly 

none 

Starch 

good 

none 

Dicaicium phosphate 

fair 

some resolution 

Bentonite 

good 

oils decomposed 

Calcium carbonate 

good 

slight resolution 

Magnesium carbonate 

fail- 

slight resolution 

‘Tiltrol’^ 

good 

separation, but oils 
decomposed 

“Fiitrol” X202 

good 

separation, but oils 
decomposed 

“Filtrol,” neutral E 

good 

separation, but oils 
decomposed 

“Florisii” 

good 

fair separation 

Talc 

good 

slight separation 

Silicic acid 

excellent 

excellent 


* Reproduced from Kirchner, Miller and Keller, Anal, Chenu, 23, 420 (1951) through the courtesy of the au 
hors and The American Chemical Society, 


neutral. Furthermore, silica gel has the highest capacity (the ability 
to separate the largest quantity of a mixture) followed by alumina 
and kieselgiihr in that order. 

Alumina chromatography is essentially adsorption chromatog- 
raphy; silica gel can function in both adsorption and partition 
chromatography depending upon the solvent system and kieselguhr 
is best characterized as a support for partition phenomena. Thus, 
alumina would be the adsorbent of choice for the separation of non- 
polar basic or neutral mixtures. Silica gel can be used for nonpolar 
acidic mixtures and, because of its higher capacity, would even be 
pi'eferred for the nonpolar neutral materials. Silica gel, kieselguhr 
and cellulose are all suitable for the separation, through partition 
processes, of polar molecules. Of course, the properties of these ad- 
sorbents can be extensively altered by addition of various acids, bases 
and buffers so that many purposes can be served which are not cov- 
ered by the above generalizations. 
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Although artifact formation on thin layers is rare, it is not un- 
known. Steroid 16-^-esters have been shown to undergo reactions on 
alumina layers®^^ and ethylene ketals have been hydrolyzed on silica 
gel layers.^®^ Alumina in columns is known to catalyze ester hydroly- 
sis, isomerization of double bonds and other reactions.^®^ The chro- 
matography of sugars on silica gel layers with ammonia solutions has 
been shown^®** to produce amination reactions. 

The various adsorbents can be and are sometimes used in a pure 
form, but more frequently, they are used in combination with small 
amounts of added components. These additives can be blended with 
the solid adsorbent before it is made into layers, or they can be dis- 
solved in the water portion of the slurry which, in most cases, is the 
vehicle for application to plates. In general the following purposes 
are served by the additives. 

(1) They may serve as binders or substances to make the adsorbent 
more cohesive and to hold it to the plate. These make the layers 
much easier to handle and use and make it possible for them to be 
sprayed with visualizing reagents. The most common binder is plas- 
ter of Paris (calcined calcium sulfate, CaSO^-V^HgO) which is added 
to the dry adsorbent in amounts up to 20 per cent. The first binder 
used by Meinhard and Hall-^® and by Kirchner and his groups®* was 
starch, which, although it gives the layers an added stability over 
plaster of .Paris, limits the spray reagents which can be used to visual- 
ize the finished chromatograms. Other binders which have been used 
are polyvinyl alcohol, collodion®^" and an alcohol-soluble poly- 
amide, “Zytel 61.”*^®® Two binders which have been added at later 
stages are decalin,®®* which is added to the developing system and di- 
chlorodimethylsilane,!®® which is applied to the developed plates so 
that they can be washed like paper chromatograms. The relative ad- 
vantages and disadvantages of these binders will be discussed in more 
detail in the section of this chapter devoted to silica gel. 

(2) The additives may serve to alter the properties, both physical 
and chemical, of the adsorbehts. Thus, acids, bases and buffers are 
commonly incorporated into the layers. Reagents which will complex 
or chelate to a greater or lesser extent with the substances to be sep- 

* Du Pont de Nemours, Geneva, Switzerland 
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arated, are often added. The latter concept is a relatively recent one 
and will, in the author's opinion, become important. 

The impregnation of layers with hydrophobic liquids so that ‘re- 
versed phase" chromatography can be carried out will be discussed in 
Chapter 3. 

(3) On occasion, materials are added to adsorbents as “fillers.'' 
These reduce the activity of the adsorbent and make it somewhat 
more porous, resulting in shorter developing times. This concept was 
originally used by Meinhard and HalP^® who added “Celite" (see p. 
24) to starch-bound alumina. More recently, Bennett and Heft- 
mann^^’2^ have added Kieselguhr G to Silica Gel G for a similar pur- 
pose. 

(4) Finally, reagents may be added which will aid in the visualiza- 
tion of the completed chromatogram. The incorporation of phosphors 
or fluorescent compounds in the adsorbent so that unsaturated com- 
pounds can be seen or easily rendered visible in ultraviolet light is a 
common practice. On occasion, sulfuric acid is added to the adsorb- 
ent. This alters the character of the adsorbent and allows the visual- 
ization of the completed chromatogram by heating (to char the or- 
ganic compounds). 

Procedures have been developed by StahP'^® and by Hefmanek, 
Schwarz and Cekan^^^ for relating the activity of alumina layers to the 
Brockmann®® activity scale. 

A number of these adsorbents, both modified and pure, artre com- 
mercially available. These sources will be listed in Table 2.4 at the 
end of this chapter, although, at the appropriate places, procedures 
will be given so that an investigator can prepare his own. 

Silica Gel or Silicic Acid 

Silica gel, used with a plaster of Paris binder is, by far, the most ex- 
tensively used adsorbent in thin-layer chromatography. It forms a 
versatile layer which can serve as the solid stationary phase for ad- 
sorption chromatography, as a support for the polar liquid phase in 
normal partition chromatography and as a support for the nonpolar 
liquid phase in “reversed phase" chromatography. The distinction 
between the adsorption and normal partition chromatography in 
this case lies in the solvent system chosen for the chromatogram. If 
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the system consists of soivents such as hexane, benzene, ether, metha- 
nol or similar substances, adsorption phenomena will result. If a sys- 
tem is chosen which contains both a nonpolar liquid and a polar 
liquid such as water, the result will probably be partition chromatog- 
raphy. In “reversed phase'' chromatography, the silica gel layer is im- 
pregnated with a nonpolar liquid such as a Silicone oil or a hydro- 
carbon before use. This will be discussed in Chapter 3. 

Two binders, starch and plaster of Paris, are commonly used with 
silica gel. Both originated with Kirchner, Miller and Keller. Starch 
gives a more mechanically stable which can actually be 

written on with a blunt lead pencil, but the inclusion of starch in the 
layer forbids the use of corrosive spray reagents for visualizing the 
finished chromatogram. (Cold concentrated sulfuric acid may be 
sprayed on the layers without difficulty, but the sprayed layers can- 
not be heated to char the spots.) The use of these corrosive spray 
reagents (sulfuric acid, chromic acid, nitric acid, etc.) as essentially 
universal reagents for organic substances, is one of the greatest ad- 
vantages of thin-layer chromatography. On the other hand, the pres- 
ence of calcium ion (from the plaster of Paris) in the layers has caused 
some difficulty in the chromatography of inorganic and nu- 

cleotides. 

Silica Gel with No Binder. Silica gel has been used only rarely^'^^* 
312,322 without some sort of binder. This situation will surely change, 
however, due to the recent introduction of Woelm “Silica Gel for 
Thin-layer Chromatography," which contains no binder and depends, 
for the stability of its layers, on a small particle size. The commer- 
cial preparation “Anisil" has no binder as such, but does contain 10 to 
15 per cent of magnesium oxide which enhances its layer stability and 
makes it a basic adsorbent. 

A method for the preparation of a silica gel suitable for thin-layer 
chromatography has been given by Adamec, Mads and Galvanek.^ 
The starting material was water glass (mixed, hydrated sodium sili- 
cates) and the adsorbent was used without a binder. 

Silica Gel with a Plaster of Paris Binder. The commercial prep- 
aration Silica Gel G (G for gips or gypsum) is of this type. It is manu- 
factured by Merck in Germany according to the specifications of 



Adsorbents 


19 


Stahl and, without doubt, is the most widely used adsorbent in thin- 
layer chromatography. Mangold-'^-' has stated that a reasonable ap- 
proximation of the commercial product can be prepared by thor- 
oughly mixing Mallinckrodt Silicic Acid, 200 mesh, with 10 to 15 
per cent of newly calcinated calcium sulfate (prepared by heating 
reagent grade CaSO^ *2^120 at 180"^ for 24 to 48 hours^®^) of the same 
grain size. A 200-mesh screen produces particles smaller than 0.12 
mm. 

Silica Gel G contains appreciable amounts of ferric ion. This does 
not interfere with the separations of organic compounds, but must be 
removed for successful work with inorganic Seiler and 

Rothweiler^^® give the following instructions (freely translated) for 
doing this. 

‘Tive hundred grams of Silica Gel G is treated with 1000 ml of 6iV 
hydrochloric acid (500 ml of concentrated hydrochloric acid and 500 
ml of distilled water), stirred and allowed to stand. The supernatant 
liquid, colored yellow by the iron, is decanted and the silica gel is 
washed twice more with acid and then with three successive 1000-ml 
portions of distilled water. The adsorbent is then filtered and washed 
with distilled water until the filtrate is only slightly acidic. It is finally 
washed with 250 ml of ethanol and 250 ml of benzene and dried in an 
oven at 120°.” 

The material from the above treatment 7ioto contains insufficient 
binder. Two grams of plaster of Paris^^® or one gi^am of starch^^^ are 
added to 28 g of purified silica gel to obtain a usable adsorbent. 

When materials are to be recovered from thin-layer adsorbents by 
elution, it is suggested2^^«394 adsorbent be prewashed. This 

can be done for Silica Gel G by extracting it three times with boiling 
methanoP^^ or by allowing it to stand overnight with the same sob 
vent.^^^ Honegger found^^® that 50 g of Silica Gel G yielded the fol- 
lowing amounts of impurity on elution: with chloroform, 6.8 rag; 
with benzene, 5.5 mg and with acetone, 10.5 mg. Or, the layers can 
be prewashed with the developing solvent. 

Silica Gel With a Starch Binder* To the author’s knowledge, no 
commercial preparation of this type is available. Kircfraer, Miller 
and Keller^^^ combine 19 g of Merck reagent grade silicic acid, 100 
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mesh, one gram of “Clinco”* starch,** 0.15 g of zinc silicate and 0.15 g 
of zinc cadmium sulfide. The latter two reagents are added as phos- 
phors, but the same proportions would surely serve for the prepara- 
tion of layers without them. The preparation of starch bound layers 
is inherently different from the preparation of plaster of Paris bound 
layers in that the slurry of adsorbent, starch and water is heated be- 
fore it is applied to plates. This will be discussed in Chapter 3. 

Silica Gel with Fluorescing Agents. Several reagents are commonly 
incorporated into thin layers so that the resulting spots on the de- 
veloped chromatogram can be seen without using a spray reagent. 
This is particularly helpful in preparative work. The fluorescing 
agents, with one exception, are usually blended with the dry ad- 
sorbent before the layers are prepared. The exception is sodium 
fluorescein which is normally dissolved in the liquid used to make the 
slurry. When the developed plates are placed in short wave ultra- 
violet light, compounds containing conjugated double bonds show 
up as dark spots. The various fluorescent materials, the amounts used 
and their commercial sources are given in Table 2.2. 

Acidic Silica Gel. Acids have been incorporated into thin layers 
for two reasons. The first is to modify the properties of the adsorbent 
and the second is to aid in visualization. Thus, StahP®® used 0.5iV 
aqueous oxalic acid rather than pure water to prepare layers. The 
adsorption activity of such plates is slightly increased. 

In contrast to this, Reichelt and Pitra®^^ deactivated silica gel by 
adding 25 per cent water or 43 per cent of dilute (50 per cent) acetic 
acid to the dry activated powder. In this case, the silica gel was then 
used without a binder for the separation of cardenolides. 

Layers prepared from adsorbents containing small amounts of sul- 
furic acid can easily be visualized by heating the developed chromato- 
grams on a hot plate or in an oven to char the organic substances. 
Peifer^®® added 2.5 ml of concentrated sulfuric acid to 100 ml of 
chloroform-methanol, (70:30) v/v, which was subsequently slurried 

* Clinton Foods, Inc., Clinton, Iowa. 

Dr. Kirchner has informed the author that still another starch binder is made from 
ordinary corn starch and "‘Superior AA Tapioca Flour” mixed in a ratio of 2 to 1. The 
tapioca flour is a product of Stein, Hall and Co., Inc. of New York. Furthermore, the 
amount of starch can conveniently be cut in half from the original proportions. 
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Table 2,2. Fluorescent and Phosphorescent Chemicals Used 
IN Thin-Layer Chromatography 


Name 

Amount Used 

Commercial Source 

Ref. 

1. Zinc silicate lumi- 
nescent material P 1, 
Type 118-2-7 

2% in adsorbent 

General Electric Go., Cleve- 
land, Ohio 

46 

2. Rhodamine 6G 

0.003% in ad- 
sorbent 

Matheson, Coleman and Beil, 
East Rutherford, N.J. 

323 

3. Luminescent sub- 
tance ZS-Super 

2% in adsorbent 

Riedel-de Haen, 3016 Seelze 
bei Hannover, Germany 

117 

4. “Uitraphor” 

0.005% in ad- 
sorbent 

Badische Anilin and Soda Fab- 
rik, Ludwigshafen (Rhein), 
Germany 

293 

5. Luminescent chemi- 
cal No. 601 

1% in adsorbent 

E. I. du Pont de Nemours & 
Go., Photo Products Dept., 
Wilmington 98, Delaware 

232 

6. “Sodium fluorescein” 

0.04% sol, in 
water phase 


366 

7. Zinc silicate-zinc 
cadmium sulfide 

0.75% of each 
in adsorbent 

Du Pont phosphors No. 601 and 
No. 1502 respectively 

193 


with 50 g of Silica Gel G. The developed chromatograms (in this case 
on microscope or lantern slides) were visualized by heating. 

Basic Silica Gel. StahP®^ described the preparation of basic layers 
using 0.5A^ aqueous potassium hydroxide rather than water to make 
the slurry. The layers were found to be somewhat less active than 
normal. Such plates can be used to separate acids, which stay at the 
origin, from neutral compounds or bases which move with the sol- 
vent. Adsorbents consisting of 80 per cent calcium hydroxide and 20 
per cent Silica Gel G^^® will be more properly considered as a separate 
adsorbent system. The commercial material “Anisil,” as noted above, 
is a basic adsorbent. 

Buffered Silica Gel. In general, buffered silica gel layers have been 
used for the separation of polar or ionic compounds by partition 
chromatography. The addition of the buffer is normally made in the 
same manner as with acids and bases, that is, by using the desired 
buffer solution in place of water to make the slurry. Such slurrys (at 
least those made with Silica Gel G) must be spread quickly since they 
thicken more rapidly than usual. The layers should be allowed to 
stand several hours at room temperature before they are oven-dried.^^- 
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Table 2,3, The Use of Buffered Layers in Thin-Layer Chromatography 


Buffer Sol. 

Concentration 

Compounds Separated 

Ref. 

1. Sodium acetate 

0.3 m 

fiavones 

379,380 


0.02 m 

sugars 

307,377 

2. Monopotassium phos- 
phate and disodium 

equal amts, 
of 0.2 M 

amino acids 

271 

phosphate 

3. Citric acid-phosphate 

pVLl 

sugars 

307 

buffers 

4. Boric acid 

0.1 N 

sugars 

307 

5. Ammonium sulfate 

10% 

acidic lipids and 
amphoteric phos- 
pholipids 

234- 


This helps to prevent flaking which is also more pronounced with 
buffered layers. Some of the uses of buffered layers will be sum- 
marized in Table 2.3. 

The use of boric acid in the separations of sugars is interesting be- 
cause of the formation of borate complexes between adjacent cis- 
hydroxyl groups. Such complexes are probably responsible for the 
effectiveness of the buffer. 

The use of buffered layers for thin-layer ionophoresis by Honeg- 
gex*i56 ^ rather special case since such solutions are normally used 
to carry current and to form complex ions which can be caused to 
migrate. Honegger used 0.1 M sodium citrate and acetic acid-formic 
acid solutions. 

Silica Gel Containing Complexing Agents. The addition of com- 
plexing agents to thin layers to increase the power of resolution is an 
intriguing notion and will surely be further developed. At present, 
the only clear case of this is the use of silver nitrate on silica gel by 
Barrett, Dallas and Padley^® and by Morris^®^ to separate certain 
closely related lipids. The basis of this separation is the tendency of 
silver ion to complex with the pi electrons of double bonds to a 
greater or lesser degree. The former authors used 12.5 per cent silver 
nitrate to make a slurry with Silica Gel G. A similar result was pro- 
duced by Morris^®^ who sprayed layers with a saturated silver nitrate 
solution or a saturated methanoHc boric add solution (see p. 48) or 
both. 
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As previously stated, the use of boric acid layers for sugar separa- 
tion may well be an example of complex formation. The use of 2,5- 
hexanedione in the moving phase for the separation of inorganic 
ions^^'*^ is an example of the application of this notion in a reverse 
manner. 

Alumina 

Historically, alumina was the first adsorbent used for thin-layer 
work. Izmailov and Shraiber/^‘^ Meinhard and HalP^® and the Kirch- 
ner group^^^ all used or explored this adsorbent. It is strange, then, 
that alumina has not been more extensively used than it has. One 
possible reason for this is that alumina is a more reactive adsorbent 
than silica gel and is known to catalyze ester hydrolysis, isomerization 
of double bonds, and other reactions.^^^ Also, alumina is a basic sub- 
stance'^^® in contrast to the acidic silica gel and has a somewhat lower 
capacity Thus, one would tend to choose it for the separation of 
basic or neutral substances only when silica gel separations were poor. 

Alumina with No Binder. Again, in contrast with silica gel, alu- 
mina has been used to a large extent with no binder. The reasons for 
this are obscure but probably can be traced to the ready availability 
of chromatographic grades of alumina and the large body of knowl- 
edge which has accummulated on alumina chromatography. Further- 
more, layers prepared by simply leveling dry alumina powder on 
plates give quite good separations. Thus, no slurries or elaborate ap- 
plication apparatus are needed. These layers are mechanically un- 
stable and must be sprayed with caution.'^® 

The alumina which is used in this manner is normal, commercially 
available alumina of any desired activity grade having a particle size 
of 0.1 mm or 200 to 300 mesh. Recently, Woelm has announced a 
special “Alumina for Thin-layer Chromatography*' which is avail- 
able in acid, basic and neutral grades and which is more cohesive 
than usual. This enhanced cohesiveness is produced by smaller par- 
ticle size. 

Huneck^®^ has published directions for the preparation of a fibrous 
alumina which is quite cohesive and which forms stable layers with no 
binder. 

Alumina with a Plaster of Paris Binder. This adsorbent is com- 
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mercially available as Aluminum Oxide G and as Fluka Aluminum 
Oxide D5 but, strangely enough, few reports have been made on its 
application. It has, however, been used to separate alkaloids.‘‘®« A 
reasonable approximation of the commercial product can be pre- 
pared®'“ by blending Alcoa Activated Alumina,* 200 mesh, with 5 
per cent of its weight of plaster of Paris (see p. 19 for preparation of 
this substance). 

Alumina with a Starch Binder. This adsorbent tvas used by Mein- 
hard and HalP^® in the first recorded use of a bound adsorbent. How- 
ever, it does not appear to have been used since and would seem to 
offer no particular advantage. 

Kieselguhr or Diatomaceous Earth 

Kieselguhr with a Plaster of Paris Binder. Silica gel is acidic and 
applicable in both adsorption and partition chromatography while 
alumina is basic and useful in adsorption chromatography. Kiesel- 
guhr completes this picture in that it is neutraP^® and is primarily a 
support for the stationary phase in partition chromatography. As 
such, it has a low capacity and is used for the separation of very polar 
molecules such as carbohydrates and amino acids. The commercial 
product, Kieselguhr G, has been used in a buffered form (with so- 
dium acetate) for the separation of the simple sugars®"'^ with reason- 
able success. Furthermore, it has been impregnated with paraffin®’'®® 
and undecane'®'’'®®’'®® for “reversed phase’’ chromatography. 

Kieselguhr Containing Complexing Agents. Halmekoski made 
slurries of Kieselguhr G rvith 0.01 mole of sodium molybdate, sodium 
tungstate or borax (per 30 g of adsorbent and 65 ml of water) and 
used the resulting layers for the separation of phenolic carboxylic 
acids.'®® 

Cellulose 

The use of powdered cellulose in thin layers was essentially an at- 
tempt to carry out “paper chromatography” in a short time. This has 
been successful. The cellulose is, of course, only a support for the 
stationary liquid phase and has been used in both normal (impreg- 
nated with formamide,®®®-'®®) and reversed phase chromatography. 
The capacity of the adsorbent is low. 

* Aluminum Company of America, 230 Park Avenue, New York 17, New York 
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Cellulose without a Binder. The fibrous nature of powdered cellu- 
lose permits it to be shaped into stable layers without a binder, 

Cellulose with a Plaster of Paris Binder. The commercial product, 
Cellulose Powder MN 300 G, is of this type. Raiiderath^^^ has system- 
atically compared this material with paper for the separation of vari- 
ous nucleic acid derivatives. He found that the cellulose layers gave 
smaller, more compact spots and better separations in a shorter time 
(90 min) than paper (6 to 8 hr). Wollenweber^^^ found similar re- 
sults with food dyes. 

Cellulose Ion-Exchange Powders. Two cellulose powders, modified 
to produce ion-exchange resins, have been used for the separation of 
nucleotides. These are DEAE-cellulose (diethylaminoethyl 
cellulose) and ECTEOLA-cellulose (epichlohydidn linking triethanol- 
amine with cellulose). They have been used with a collodion binder 
316,317 QY without a binder.^^® 

A large number of cellulose powders, plain and modified, bound (G 
series) and unbound, are commercially available (Table 2.4). In fact, 
several are available which have not yet been mentioned in the litera- 
ture. 

Ion-Exchange Resins 

Berger, Meyniel and Petit^"^ have reported the use of “Dowex"’ 1 
and “Dowex” 50 (both anion and cation exchangers, 200 to 400 mesh) 
for the separation of organic and inorganic compounds. They used a 
1 : 1 mixture of the resin and commercial plaster of Paris-bound cel- 
lulose, Cellulose Powder MN 300 G. 

Polyamide Powders 

Polyamide powders are normally used without binders and have 
been developed by two groups. Davidek and his co-workers^*'^’'^^’'^^ 
have spread commercially available polyamide powder on plates and 
used the resulting layers for the separation of such polar molecules as 
flavonoids and gallic acid esters. Wang and his co-workers^^®"^’^^^'^ al- 
lowed 20 per cent solutions of e-polycaprolactam resin in 80 per cent 
formic acid to evaporate on glass plates and used the resulting thin 
layers for the separation of phenols. 

A commercial product is now available from Woelm (see Table 
2.4). 
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Hydroxyl-Apatite 

Hofmann has reported the use of hydroxyl-apatite (a complex cal 
cium phosphate hydroxide^) for the separation of 1- and 2-mono- 
glycerides^^^ and of proteinsd^^^ In the former case, he used plaster of 
Paris as a binder and in the latter case, “Zytel GT’ (see p. 16). 

‘‘Celite’^ 

'‘Celite*' No. 545 with a plaster of Paris binder has been used^^^ for 
the separation, by partition processes, of steroids. The layers were 
impregnated with formamide. Such layer's have extremely short de- 
veloping times (3 to 7 minutes). 

"Sephadex^’ 

“Sephadex’' G 25, a cross-linked dextran which differentiates ac- 
cording to the molecular weight of the molecules being separated, 
has been used for the chromatography of proteins."^^ A modified 
adsorbent, “DEAE-Sephadex” has been used for the separation, by 
gradient elution, of proteins and nucleotides.®'-^ 

Polyacrylonitrile “Perlon” Mixtures 

Mixtures of polyacrylonitrile and “Perlon*' (a polycaprolactam 
powder) have been used, in a buffered state, to separate anthocyanins 
and such very polar molecules as sugars.^® 

Zinc Carbonate 

Zinc carbonate with 5 per cent starch as binder has been used for 
the separation of 2,4-dinitrophenylhydrazones.^ 

Polyethylene Powder 

Polyethylene powder, “Hostalen S/' has been used^®^ for the sepa- 
ration of fatty acids and their methyl esters. 

Calcium Sulfate as Adsorbent 

Layers prepared from pure calcium sulfate have been used for the 
separation of steroids^'^® and lipids. The major advantage of such 

* Prepared according to Anacker and Stoy*^ 
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plates is that they can be mechanically washed like paper chromato- 
grams. Thus, even more spray reagent systems can be used. 

‘‘MagnesoF’ (Adsorptive Magnesium Silicate) 

This adsorbent with a starch binder was preferred by Bryant®^ 
and by Pryor and Bryant^^^ for the separation of the essential oils. A 
commercial product containing no binder but especially prepared for 
thin-layer work is available. 

Calcium Hydroxide with Silica Gel G 

Layers prepared from a mixture of calcium hydroxide and Silica 
Gel G (6:1) and (4:1) have been found to produce good separations 
in the carotenoid field.^^^’^^® 

“FlorisiP’ (Mixed Silica Gel and Magnesia) 

Peifer-^® has described a procedure for the preparation of micro- 
chromatoplates from “Florisir ’-plaster of Paris (see p. 46). 

CONCLUSION 

Obviously, any finely divided material having the desired adsorp- 
tive, structural or chemical properties can be used as an adsorbent for 
thin-layer chromatography. Probably, the area which will be devel- 
oped most fruitfully is the use of mixed adsorbents. Several of these 
are given above, and others, such as Silica Gel G-Kieselguhr G mix- 
tures, have been reported.^®*^^ 

It is rather interesting that the one factor which delayed the de- 
velopment of this technique, that is, commercial availability of mate- 
rials, has now progressed so far that several adsorbents are available 
(the various types of cellulose) for which no published uses are re- 
corded. 

The commercial sources of most of the adsorbents are given in 
Table 2.4 and the specific adsorbents which have been used for spe- 
cific separations are detailed in Chapter 11. 


Table 2.4. Commercial Sources of Thin-Layer Chromatography Adsorbents 
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1 These adsorhents are of an especially fine particle size for thin-layer chromatography and produce mechanically stable layers without binders. 


CHAPTER 3 


Preparation of Thin Layers 


INTRODUCTION 

The thin layers of adsorbent used for thin-layer chromatography 
are supported and held in place by glass plates. The plates may, in 
theory, be any convenient size, but in fact the size is usually dictated 
by the apparatus used to prepare the layers. Layers are applied to the 
plates by spreading or spraying a slurry, by spreading a dry powder, 
or in the case of small plates, by dipping them in a slurry. The thin 
film of slurry is dried to produce the thin layer. The layer may then 
be treated in various ways before it is used. 

THE VARIABLES IN LAYER PREPARATION 

In general, the variables to be considered are the nature of the ad- 
sorbent (Chapter 2), the type of glass support plate, the thickness of 
the layer and the moisture content. 

The Glass Plates 

The glass plates used in thin-layer chromatogi'aphy may be flat and 
smooth, fiat and lightly ground^^^>2^^‘^28.334 ridged as shown in the 
cross-section diagram in Figure 3.1. Flat, smooth plates have been al- 
most universally used, but the ground surfaces are said to increase 
the adhesion of the layers. The ridged plates are used solely to sim- 
plify layer preparation. Thus, one simply pours the adsorbent- water 
slurry on a ridged plate, wipes off the excess with a spatula and dries 
the finished layer. The squared-ridge plates (Figure 3.1a) have been 
advocated by Gamp, Studer, Linde and Meyer,^^^ but the rounded 
ones (Figure 3.1b) are more readily available from normal glass shops, 
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Figure 3.1. Cross-section views 
of two types of ridged glass 
plates. 


where they are used to make semiopaque windows.* The ridged 
plates and the microchromatoplate system described later (p. 42) 
probably offer the most convenient systems for student use. To pre- 
vent accidents, all plates should have slightly beveled and smoothed 
edges. 

The size and thickness of the glass plates are essentially dictated if 
a mechanical device such as those described below is chosen to pre- 
pare the layers. It has been found convenient to use, routinely, at 
least two sizes (exclusive of microplates). The smaller size should be 
wide enough to carry out concurrent, one-dimensional chromatog- 
raphy on three to four samples (about 2 in. or 5 cm minimum). Most 
workers allow the solvent front to rise 10 to 15 cm so that an over-all 
length of 20 cm or 8 in. is satisfactory. The larger size should be a 
square plate suitable for two-dimensional chromatography of a single 
sample or simultaneous, one-dimensional chromatography of eighteen 
or more samples. In a commercial apparatus system, the dimension 
of the square plate is equal to the length of the small plate (20 cm or 
8 in.) and a multiple of its width. Such two-size systems are available 
with Stahl-type apparatus from Desaga-Brinkmann (p. 37) (5 X 20 
cm and 20 X 20 cm) and Research Specialties Co. (p. 40) (2x8 in. 
and 8 X 8 in.). The Kirchner-type** apparatus manufactured by 

* The author’s attention was first called to the use of rounded plates by Dr. Louis 
Long of the Quartermaster Research and Development Laboratories in Natick, Mass. 

** The author has elected to give this name to the type of apparatus in which the 
glass plate is passed under a stationary hopper because the Kirchner group was the first 
one to describe such an apparatus.-“'C 
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Camag (p. 36) is normally designed for only one width, but two 
sizes of apparatus (10 cm and 20 cm width) are available. On the 
other hand, the Kirchner-type apparatus can be used with any type 
and thickness of glass, while the Stahl design works best with the 
plates supplied by the manufacturer. Although soft glass plates are 
routinely used, “Pyrex” plates are available from the manufacturers 
of the spreading apparatus. 

If layers are prepared by spraying or by any of the simpler tech- 
niques discussed below, the plates can be of any size or type. 

The original “chromatostrips” of Kirchner, Miller and Keller^**^ 
were only wide enough for one sample (0.5 in.) although these work- 
ers also used wide plates. Such small strips are prepared in an ap- 
paratus designed by Miller and Kirchner^®® and are still used®®®'^®® by 
Stanley and his co-workers. However, they preclude a concentration 
study in which the sample is applied to a single plate in several con- 
centrations, as w'ell as a more precise comparison of ttvo or three 
samples. The narrow plates are, however, more suitable for descend- 
ing chromatography (p. 68). 

The use of microscope slides for the preparation of “microchro- 
matoplates” was described by Meinhard and Hall-'*® in the first paper 
advocating the use of bound layers. Lately, the use of such plates has 
again become fashionable*®^-*®'’’ and Peifer,-®® in an exceptionally fine 
paper, has described a complete system based upon microscope and 
lantern slides (see p. 42). 

A somewhat different type of layer support was worked out by Lie 
and Nyc,®*® who coated the inside of test tubes with thin layers of 
adsorbent. Rosi and Hamilton*®® have prepared layers on both sides 
of glass plates so that they may be utilized more efficiently. 

The Thickness of the Layer 

Within a reasonably wide range (0.15 to 2.0 mm) the thickness of 
the layers is unimportant with respect to Rf’s and the degree of sepa- 
ration. The thickness itself should be prescribed by the type of in- 
formation or results sought. For diagnostic or qualitative work, very 
thin layers are best because the spray reagent is much more sensitive 
when it does not have to “search” for tiny amounts of substance in a 
large amount of adsorbent. On the contrary, when the work is pre- 
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parative in nature, it is more efficient to use as thick a layer as possi- 
ble so that the maximum amount of material can be separated in a 
single chromatogi'am. 

The minimum thickness of about 0.15 mm was determined by 
Stahl, Schroter, Kraft and Renz^^^ through a study of Rf vs. thick- 
ness. Only above this value were the Rfs relatively constant (on silica 
gel layers). The maximum thickness is determined by the difficulty 
of drying thick layers without cracking and the degree to which there 
is unequal migration on the top and bottom of a layer. Honegger^-’'® 
investigated layers up to 5 mm thick and concluded that the best re- 
sults were obtained between 1 and 3 mm. Ritter and Meyer, in a 
similar study, obtained better results with 1-mm layers than with 2- 
mm layers. The vast majority of diagnostic work has been done with 
layers 0.25 mm thick because the original Stahl-Desaga apparatus pro- 
duced layers of this thickness. The Kirchner group^^^‘^ used 0.02 in. 
(0.51 mm). 

Thin layers of unbound adsorbents which are prepared by spread- 
ing the dry powders on a plate are generally somewhat thicker, rang- 
ing from 0.5 mm-®^ to 1 

The Moisture Content 

The activity of adsorbents to be used for adsorption chromatog- 
raphy is greatly reduced by small amounts of water. Since most thin 
layers are prepared from aqueous slurries, this variable is controlled 
largely by the length of time and the temperature used to dry and 
activate the layers. This will be discussed in detail in a later section 
entitled “Drying of Layers” (see p. 46). 

LAYER PREPARATION 
Cleaning the Glass Plates 

It is essential that the glass plates be as clean as possible and that 
they be particularly free of grease. Normally, washing the plates with 
detergent and wiping them with cotton soaked with hexane just be- 
fore application of adsorbent will suffice. Sometimes, however, it is 
necessary to clean the plates with some type of cleaning solution, 
Peifer-^^ has recommended that his microchromatoplates be washed 
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successively with detergent solution, water and finally with 50 per 
cent methanol-water slightly acidified with hydrochloric acid. 

The Preparation of Slurries 

As previously stated, the majority of thin-layers are prepared by 
spreading a uniform film of a slurry of the adsorbent on glass plates 
and allowing it to dry. Normally, the liquid portion of such a slurry 
is water, which may contain acids, bases, buffers or complexing 
agents, and the solid portion is adsorbent and binder. The major 
problem associated with these slurries is the obtaining of a viscosity 
suitable for the manner of spreading. If the slurry is too thin, it runs 
through the spreader too rapidly and produces excessively thin lay- 
ers. When it is too thick, it does not run through the spreader rapidly 
enough and may clump. 

When plaster of Paris is used as a binder, this viscosity is controlled 
by two factors: the relative amounts of adsorbent and water, and the 
time elapsing between the addition of water to adsorbent and the 
actual spreading operation. The hydration of plaster of Paris (CaS04- 
54H2O) to gypsum (CaS04*2H20) is so rapid that the slurry becomes 
unmanageable in two to three minutes. When buffers or other modi- 
fying reagents are added to the slurry, this time is appreciably short- 
ened.^^^ The actual mixing of adsorbent and water can be carried out 
by shaking them in a stoppered flask, by triturating them in a mortar 
or by stirring them in some other vessel. Table 3.1 shows the amounts 
of water suggested for various commercially available adsorbents. 
When possible, the type of spreading device is also given. Commercial 
sources of the adsorbents have been cited in the preceding chapter. 

For the preparation of very thick layers, Honegger^^^ suggests that 
these ratios be slightly modified by decreasing the amount of water. 
Furthermore, for layers from 3 to *5 mm thick, he added an additional 
2 per cent of plaster of Paris and dried the layers under an infrared 
lamp. His data are given in Table 3.2. 

The procedure for preparing a slurry containing starch as a binder 
is essentially different in that it involves a heating step. Kirchner, 
Miller and Keller^^^ give the following procedure for such a prepara- 
tion containing phosphors. 

“The specified amounts of material [19 g of Merck reagent grade 



Preparation of Thin Layers 


35 


Table 3.1. Recommended Amounts of Water to be Added to Various 
Commercial .Adsorbents 


Adsorbent 

Adsorbent-water, w/v, g/ml 

Apparatus 

Ref. 

Silica Gel G 

30/60 

Desaga 

Manuf, 

Silica Gel Woelm* 

30/45 

-- 

Maiiuf. 

Silica Gel D5 

20/50 

Gamag 

Manuf, 

Silica Gel, ‘^Anisil” 

15/30 

Desaga 

Manuf, 

Aluminum Oxide G 

25/50 

Desaga 

232 

Aluminum Oxide D5 

20/65 

Desaga 

232 


20/50 

Camag 

Manuf. 

Aluminum Oxide D5F 

20/50 

Gamag 

Manuf. 

Alumina Woelm^ • ^ 

35/40 


Manuf. 

Kieselguhr G 

25/50 

Desaga 

377 

Cellulose MN 300 G 

15/100 

Desaga 

319 

Magnesium Silicate Woelm^ 

15/45 


Manuf. 

Polyamide Woelm^ 

5 g in 45 ml of chloro- 


Manuf. 


form-methanoi (2:3) 


1 These adsorbents contain no binder, but are of an especially small particle size. 

2 Same proportions for acid, basic or neutral. 


Table 3.2. Honegger’s Data for Prepar.ation of Very Thick Layers^ * 


Adsorbent 

Thickness, mm 

Adsorbent— -H 2 O, 
g/ml 

Air-dry, min 

Infrared dry- 
ing, min 

Silica Gel G 

1-1.5 

1:1.7 

5 



2-3 

1:1.6 

30 

30 


3-^2 

1:1.6 

30 

30 


4-52 

1:1.57 

30 

30 

Aluminum Oxide G 

1-1.5 

1:1 

5 

30 


4-5 

1:0.9 

10 

30 


1 The data were obtained using the Caraag apparatus. 

2 Added 2 % more plaster of Paris. 

* Reproduced from Honegger, Helv. Chim. Jcia, 45, 1409 (1962) through the courtesy of the author and Ver- 
lag Helvetica Ghimica Acta, Basel, Switzerland. 

silicic acid passing 100 mesh sieve, 1 g of “Clinco 15” starch, 0.15 g of 
zinc silicate and 0.15 g of zinc cadmium sulfide] thoroughly blended 
while dry, were mixed with 36 ml of distilled water in a 250 ml 
beaker. The slurry was then heated on a water bath held at 85° with 
constant stindiig until it thickened (1.75 minutes) and was then held 
at this temperature for 30 seconds longer with stirring. The beaker 
was removed from the bath and 2 to 7 ml of water were added im- 
mediately to form a thin paste.” As stated on p. 20, a mixture of corn 
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starch and “Superior AA Tapioca Flour" is better than “Clinco" 
starch. If the amount of starch is decreased by half, it is not necessary 
to watch the temperature during the heating. The mixture must only 
be warmed thoroughly to thicken it. 

Although water is the most common liquid for the preparation of 
slurries, several workers have preferred nonaqiieous systems. In ad- 
dition to the test-tube system of Lie and Nyc-^'*^ and the micro- 
chromatoplate system of Peifer,^'^ which are quoted elsewhere in this 
chapter, Hdrhammer, Wagner and Bittner^®® have used ethyl ace- 
tate, Duncan®^ has used water-methanol, 1 : 1, v/v, and Muller and 
Honerlagen-'^® have used acetone. None of these authors used the 
conventional spreading apparatus. 

Mechanical Bevices for the Preparation of Layers 

, At the present time, these devices fall into three major categories, 
the Kirchner type (see footnote on p. 31), the Stahl type and the 
spray type. While these “gadgets" are considerably more expensive 
and complicated than those used in some of the methods which will 
be described later, the author believes they have a distinct advantage. 
They produce uniform layers of any desired thickness in a very effi- 
cient manner. 

The Kirchner Type. This type of spreading device is characterized 
by a stationary reservoir or hopper which deposits a thin film of ad- 
sorbent slurry on glass plates which are slowly passed under it. The 
layer-thickness is determined by the distance between the plate and 
the back edge of the hopper, and the width of the plates is predeter- 
mined by the size of the apparatus. The first such apparatus was de- 
signed by Miller and Kirchner in 1954^^^ to produce “chromatostrips" 
0.5 in. wide. The apparatus has since been modified by Applewhite, 
Diamond and Goldblatt^ and shop drawings of the modification are 
available from the authors (Western Regional Research Laboratory, 
U. S. Department of Agriculture, Albany, Calif.). 

A commercial model of this type of apparatus is shown in Figure 
3.2 and is manufactured by Camag"^ in Switzerland. It is based upon 
the design of K. Mutter and J. F. Hofstetter at Hofmann-LaRoche A. 

* Camag A. G., Homburger Str. 24 , Mutteiiz, B. L., Switzerland, U. S, representatives: 
A. H. Thomas Company, Vine Street at 3rd, Philadelphia, Pa. and Microchemical Special- 
ties Co., 1825 East Shore Highway, Berkeley 10, Cal. 
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Figure 3.2. The commercial model of the Kirchner-type apparatus as designed 
by Mutter and Hofstetter. (Reproduced through the courtesy of Camag A. G.) 


G. in Basel. Two models of this apparatus are available; one of these 
(Model A) coats plates 20 by 10 cm for one-dimensional chromatog- 
raphy and the second (Model B) coats plates either 10 cm or 20 cm in 
width. The Camag apparatus has been slightly modified by Wollish, 
Schmall and Hawrylshyn.'^^- A similar apparatus is manufactured by 
the Kensington Scientific Corp.* in California. 

It would appear to the author (who has had no experience with this 
apparatus) that the Kirchner type would be somewhat more tedious 
to use and less flexible with respect to plate width, than the Stahl 
type. On the other hand, it is less sensitive to plate thickness and prob- 
ably yields more consistently uniform layers on small plates. 

The Stahl Type. This type of spreading device is characterized by 
a moving slurry reservoir and stationary plates. The plates are ar- 
ranged in a continuous surface on a support (the commercial models 
use plastic slabs) having a raised edge on two sides to hold the plates 
in position during the coating operation. The reservoir, machined in 
such a way that it produces the desired layer thickness, is then passed 
over the plates. 

The first commercial model of this design was worked out by Stahl 
and is manufactured by Desaga^* in Germany. The apparatus is pic- 

* Kensington Scientific Corp., 1717 Fifth St., Berkeley, Cab 

** G, Desaga, G.m.b.H,, Hauptstrasse 60, Heidelberg, Germany. U. S. representative: 
C. A. Brinkmann and Co., Inc., 115 Cutter Mill Rd., Great Neck, N.Y. 
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Figure 3.3. The Stahl-Desaga apparatus showing, in detail, the 
variable thickness applicator, a, and the standard applicator, b. 
(Reproduced through the courtesy of Brinkmann Instruments, 
Inc.) 


cured in Figure 3.3, The spreader is available in two models; the 
Standard Model which gives layers 0.25 mm thick and the Model S 1 1 
which gives layers of any thickness up to 2 mm. The standard plate 
sizes are 5 x 20 cm and 20 X 20 cm. Twenty of the small plates or 
five of the large ones can be coated in a single operation. While the 
technique works beautifully with the larger plates, the author has 
had difficulty obtaining uniform layers on small plates. This diffi- 
culty has also been encountered by Bennett and Heftmann^''^ who 
solved it by placing a series of the large size plates (20 X 20 cm) under 
the small ones."^ A glass slab or a smooth desk top can also alleviate 

* Shandon Scientific Co., Ltd., 65 Pound Lane, London, N.W. 10 (U.S. representa- 
tive, Consolidated Laboratories, Inc., P.0, Box 234, Chicago Heights, III.) manufactures 
an apparatus to avoid this difficulty. It contains a special leveling device and layer 
thicknesses are guaranteed to ±0.010 mm. 
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the problem. Sometimes wavy layers are produced by the “bump” 
caused by going from one plate to the next. As long as the developing 
solvent is passed in a direction parallel with the spreading operation, 
this is no problem. 

A second commercial model similar to the Desaga apparatus is 
manufactured in the United States by Research Specialities Co.* 
This apparatus can also be purchased in a standard model or a vari- 
able thickness model. It is shown in Figure 3.4. 

Home-made apparatus of the Stahl type has been devised by Bar- 
bier, Jager, Tobias and Wyss,^'* Machata,®^’'** Gamp, Studer, Linde 
and Meyer^i^ and Schulze and Wenzel.®'** 

Sprayed Layers. The notion of spraying a thin slurry of adsorbent 
on glass plates has been suggested, notably by Reitsema,®*® who used 
a small paint sprayer. Bekersky®'* has worked out a procedure using a 
normal laboratory spray bottle. Dilute slurries of Silica Gel G (15 g 
to 35 ml of water) or Aluminum Oxide G (20 g to 50 ml of water) 
are sprayed from a distance of 7 to 9 in. onto plates in a horizontal 
position. The method produces fairly uniform smooth layers, but the 
final thickness is unknown and only approximately controllable. The 
method has not yet been commercialized. 

“Poor Man’s Layers” 

The development of a cheap method for the preparation of uni- 
form, thin layers has challenged the ingenuity of chemists every- 
where. This has resulted in the evolution of several acceptable meth- 
ods. While the author is a firm believer in the more complex 
spreaders, these methods certainly offer possibilities for student use 
and for persons who wish to explore the system before investing in an 
apparatus. 

The simplest way of preparing a layer of slurry is surely that of 
Lees and DeMuria®^^ as shown in Figure 3.5. One to three layers of 
tape, either surgical or masking, but not “Scotch,” are put on two 
opposite edges of a single glass plate or on the outside edges of the 
outside plates of a set arranged on a flat surface. The slurry is poured 

* Research Specialty Co., 200 South Gerrard Blvd., Richmond, Calif. 

*• A plastic apparatus of this type is manufactured by Applied Science Laboratories, 
College Park, Penn. 
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on an open end and smoothed by drawing a glass rod over the plate 
or plates in a direction parallel with the taped edges. The tape sup- 
ports the rod and determines the layer thickness. After a few minutes, 
the tape is removed and the layers are dried. The method is not very 
satisfactory for preparing thick (ca. 1-2 mm) layers. A similar method 
ivas devised by Duncan®^ who used removable metal strips on the 
edge of the plates to support the leveling rod. In this case, the thick- 
ness of the metal determines the thickness of the layer. Duncan used 
methanol-water, 1: 1, v/v, to prepare his slurries. The detail of such 
a strip is shown in Figure 3.6. Bolh^ arranged a set of plates in an 
apparatus with raised edges. The slurry is poured on and leveled 
with a straight edge. Still another method is to machine out an iden- 
tation in a large spatula to a depth corresponding to the desired 
diickness. Such a spatula (Figure 3.7) is then used to level a slurry 
on a glass plate which is large enough to support the two ends of the 
blade.* As in many other aspects of thin-layer chromatography, the 
first mention of this type of thing was made by Kirchner, Miller and 
Keller^^^ who used an arrangement of glass plates, some placed 0.02 
in. above the others and serving as support for a leveling rod. Thus, 
this concept is as old as the method. 

Still other workers prefer to pour a slurry of adsorbent in ethyl 
acetate on a plate and to level it by tipping it,^^® Such layers are said 
to require no activation and to function satisfactorily in a chamber 
which is not saturated. The same pi-ocedure has been used with aque- 
ous starch-silica gel slurries.^^ A similar scheme was used by Wang to 
prepare polyamide layers,^^®^ He prepared 20 per cent solutions of 
polyamide in 80 per cent formic acid, poured these solutions on glass 
plates, leveled them by tipping and allowed them to dry. 

A special problem arises with the preparation of thin layers on the 
inside walls of test tubes.^^^ Such layers were pi'epared and used by 
the following method. The test tube to be coated (13.5 X 150 mm) 
is filled with a suspension of silicic acid (no binder) and chloroform 
(1 :2.5, w/v) and allowed to stand for about 5 seconds. The contents 
are then slowly poured out of the tube in one continuous slow tilting 
motion. After most of the slurry is discharged, the vessel is held in an 

’^This method was mentioned to the author by Mr. Robert Conkin of the Monsanto 
Chemical Co., St. Louis, Mo. 
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Figure 3.4. The Research Speciaiities apparatus showing, in detail, the variable 
thickness applicator, a, and the standard applicator, b. (Reproduced through the 


courtesy of Research Specialities Co.) 


inverted position lor 2 to 3 seconds and then slowly tilted, without 
rotation, to a horizontal position for drying. The top portion (in the 
horizontal position) is marked because it is the linear surface where 
the sample will be placed. An additional coating is placed on the 
open end of the test tube by immersing the tip end about 5 mm, at an 
angle of 45°, in the adsorbent slurry. In this position it is rotated 
once. The sample is placed 1 cm from the open end on the side previ- 
ously marked. The open end is dipped in a suitable developing solu- 
tion. 

Microchromatoplates 

Thin layers have been prepared on microscope slides and lantern 
slides by spreading a paste with a spatiila“‘^® with an especially de- 
signed gadget (for microscope slides only)^^^ and using the Stahl ap- 
paratus with an alternate arrangement to hold the slides during the 
slurry application.^'’- The author has prepared satisfactory layers us- 
ing the complete Stahl assembly. 
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Figure 3.5. Preparation of thin layers using tape and a glass rod. (Reproduced 
from Lees and DeMuria, /. Chromatog., 8, 108 (1962) through the courtesy of the 
authors and the Elsevier Publishing Co.) 


Peifer^®** has developed a complete scheme for chromatography on 
such small plates. He uses microscope slides for one-dimensional work 
and lantern slides for two-dimensional work. The slides, cleaned With 
detergent, water and water-methanol (50:50) acidified with hydro- 
chloric acid, are dipped, two at a time, back to back, into a slurry of 
adsorbent in a nonaqueous medium. The slurry should be well stirred 
(about 1 min.) before dipping. They are then lifted slowly out of the 
slurry and allowed to drain on the edge of the container. They dry 
rapidly, are separated and the edges are wiped clean with tissue. In 
order to obtain a more durable layer, the plates are exposed briefly 
to steam to hydrate the plaster of Paris binder. The steam treatment 
is not actually necessary with silica gel layers. The layers are then 
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(b) 

ENLARGED VIEW OF 
PLATE WITH SIDE STRIP 

Figure 3.6, Detail of Duncan side strips, a, and the side 
strips in use, b. The side strips are fastened to the opposite 
edges of a glass plate (B) and held in place by the 2.5 cm long 
indentation. Slurry is poured on the plate and leveled with a 
glass rod (G) which rests on the side strips. The apparatus is 
shown on a mounting board (A). The thickness of the metal 
in the strips determines the layer thickness. (Reproduced from 
Duncan, J. Chromatog., 8, 37 (1962), through the courtesy of 
the author and the Elsevier Publishing Co.) 




Figure 3.7. A machined spatula for the preparation of thin 
layers. 


activated by suspending them about 6 mm over a hot plate for 1 to 3 
min. As mentioned previously, Peifer sometimes added sulfuric acid 
to his adsorbents to facilitate visualization. The recipes for Peifer 
slurries are summarized in Table 3.3. The chromatograms containing 
sulfuric acid are visualized by warming them over a hot plate and 
the others are sprayed in the normal manner. 
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Table 3.3. 

Recipes for Peifer Slurriesss® 


^ Adsorbent 

Slurry Medium 

Proportions, g in ml 

1. Silica Gel G 

chloroform or chloroform- 

35 g in 100 ml 


methanol (2:1, v/v) 


2. Silica Gel G and sulfuric 

chloroform -methanol-sulfuric 

50 g in 102.5 ml 

acid 

acid (70:30:2.5, v/v/v) 


3. Cellulose powder^ 

chloroform -methanol (50:50, 

50 g in 100 mP 


v/v) 


4. Alumina^ 

chloroform -methanol (70:30, 

60 g in 100 mP 


v/v) 


5. “Florisil“3 (60-100 mesh) 

chloroform-methanol-acetic 

55 g in 101 mP 


acid (70:30:1, v/v/v) 



1 35 g of cellulose powder and 15 g of plaster of Paris are triturated with a minimum volume of methanol. 
The resulting viscous mixture is then diluted to give the above ratio. 

2 45 g of activated alumina and 15 g of plaster of Paris are triturated with a minimum volume of chloroform- 
methanol and then diluted to the above ratio. 

3 45 g of “Florisil” and 10 g of plaster of Paris are triturated with 1 ml of glacial acetic acid and a minimum 
volume of chloroform. The result is diluted to the above ratio. 

Layers Prepared From Dry Powders 

The preparation of layers from dry powders of unbound adsorbents 
is a slightly different problem. The first method was that of Mottier 
and Potterat^®^'^®® who used the apparatus shown in Figure 3.8. An 
even simpler affair is illustrated in Figure 3.9. A glass rod equipped 
with rubber or tape rings to hold it slightly above the plate and a 
larger ring to keep it centered is rolled over the plate containing an 
excess of alumina. This latter system is, of course, based upon the 
Mottier work, but has been more widely 

Drying of Layers 

After the slurry is spread on a plate, it should be allowed to stand 
for at least 30 min. so that the binder can “set.” Indeed it is even rec- 
ommended by several workers‘«’^^'®^®’®i® that more durable layers will 
result if they are allowed to stand in the air overnight. This would 
prevent cracking due to “casehardening.” For adsorption chromatog- 
raphy, the layers are activated by heating them at 100 to 110° for 
various periods of time, generally one to several hours. There is little 
change in the activity when the time is lengthened beyond one hour 
or the temperature is raised above 110°. For layers containing plaster 
of Paris, the maximum drying temperature is 128° which is the point 
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Figure 3.8. Preparation of thin layers of dry, adsorbent 
powders by the method of Mottier and Potterat. The dry 
alumina is placed on the glass plate a in front of the moving 
and leveling guide b. Plate c is a stopping board and d is two 
rubber bands which determine the layer thickness. Guide b 
is then moved over the plate. (Reproduced from Mottier, 
Mitt. Gehiete Lebensm. Hyg., 49, 454 (1958) through the cour- 
tesy of the author and the Eidgenoessiche Drucksachen-und 
Materialzentrale, Bern, Switzerland). 



Figure 3.9. End view of a glass-rod leveling device for preparing 
layers of dry powders. The small spacers (A) are rubber tubing 
rings placed on a glass rod (B). The large ring (C) centers the gadget. 

Dry powder is placed on a plate and leveled by rolling the device 
back and forth. 

at which gypsum again dehydrates. For partition chromatography, 
the layers are normally not activated since the residual water acts as 
the stationary liquid phase. 

Better results with less cracking will be obtained if the layers are 
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dried in a vertical position as suggested by Desaga. All of the manu- 
facturers of thin-layer equipment sell a metal drying rack which will 
hold several plates and which can be placed in the drying oven in 
either a horizontal or vertical position. 

The activated plates should be stored in a desiccator or dry box of 
some type until they are used. The manufacturers of thin-layer equip- 
ment provide such containers. However, in the author’s laboratory, 
the plates are carefully stacked in a normal desiccator over calcium 
chloride or, if large, are kept in a large box containing a beaker of 
sulfuric acid. After removal from the desiccator, the layers remain 
active for a time which is inversely proportional to the relative 
humidity. Normally, plates are active for ten minutes or more, but 
it is not wise to leave a plate out for several hours during the moni- 
toring of a reaction or the elution of a column. 

Other Post-Preparative Operations 

The adsorbent sticking to the edges of the plates should be care- 
fully wiped off before using the layers. The layers may then be pre- 
washed^®^'^®® with an appropriate solvent. A 0.5 per sent solution of 
‘‘Versene” (ethylenediaminetetraacetic acid trisodium salt) was used 
by Schweiger^^^ to prewash unbound cellulose layers. Figure 3.10 
shows a suggested^®® apparatus for carrying out this operation. 

The finished plates may, at this stage, be sprayed with a complexing 
agent such as silver nitrate or boric acid.^®^ This serves the same pur- 
pose as the incorporation of these substances in the slurry as discussed 
in Chapter 2, but spraying is more convenient in that the plates can 
be prepared one at a time as needed or in that only a portion of a 
plate need be treated. Morris^®® sprayed with a saturated aqueous 
solution of silver nitrate or a saturated methanolic solution of boric 
acid or both. After spraying, the plates were dried at 110° for one 
hour. 

On occasion, it is desirable to use partition chromatography in 
which the polar, stationary liquid is something other than water. To 
this end, Teichert, Mutschler and Rochelmeyer®®®'*^®® have impreg- 
nated cellulose layers by dipping them into a 20 per cent (v/v) solu- 
tion of formamide in acetone. Vaedtke and Gajewska sprayed layers 
of plaster of Paris bound “Celite” with formamide, propylene glycol 
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Figure 3.10. An apparatus for prewashing layers. 

The layers are placed in the apparatus and the washing 
liquid flows out of a reservoir by means of filter paper 
and over the layers in a descending manner. (Repro- 
duced from Stanley, Vannier and Gentili, /. Assoc. Off. 

Agr. Chemists, 40, 282 (1957) through the courtesy of 
the authors and the Association of Official Agricultural 
Chemists.) 

or paraffin The plates were weighed before and after the spray- 
ing to determine the extent of impregnation. Knappe and Peteri^®^ 
added polyetliylene glycol (15 g to 30 g of Kieselguhr G and 45 ml of 
water) to the adsorbent slurry before the layers were prepared. In 
the latter case 0.050 g of sodium diethyldithiocarbaminate was also 
added to prevent peroxide formation in the polyglycol. vSuch chro- 
matograms are developed with nonpolar solvent systems. 

The Preparation of Reversed Phase Chromatograms 

The impregnation of thin layers with a high-boiling, nonpolar 
liquid such as Silicone fluid or a hydrocarbon, leads to a partition 
chromatogram in which the moving phase is more polar than the 
stationary phase. Such chromatography is called reversed phase chro* 
matography and normally gives improved separations in a homolo- 
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gous series of nonpolar compounds. This has been particularly 
adapted to the fatty acid series. 

Malins and Mangold230,232 prepared Silicone layers by slowly im- 
mersing Silica Gel G layers in a 5 per cent solution of Silicone Oil* 
in ethyl ether. The operation is carried out at room temperature and 
both the plates and the liquid must be at this same temperature. In 
addition, the operation must be carried out slowly. Failure to ob- 
serve these precautions will produce crumbly layers. 

Kaufmann, Makus and Khoe,^®^-^®® and Kaufmann and Ko^®^ have 
used either a 10 to 15 per cent solution of undecane in petroleum 
ether (b.p. 40 to 60°) or a 5 per cent solution of tetradecane in the 
same solvent. Reversed phase layers have been made using paraffin 
by Winterstein, Studer and Riiegg^^® (5 per cent in petroleum ether) 
and by Michalec, Sulc and Mestan^^® (0.5 per cent in ether). All of 
these were prepared by dipping. 

Purdy and Truter®^® prepared such layers by allowing Silica Gel 
G layers to be “developed” with a 15 per cent solution of decane in 
petroleum ether. A similar process was carried out by Wagner, Hor- 
hammer and Dengler using 5 per cent paraffin in ethyl ether 

After the impregnation, the layers are allowed to dry in the air for 
a few minutes. The development is carried out with polar solvents. 

* Dow-Corning 200 fluid viscosity 10 cs. Dow-Corning Corp., Midland, Mich. This 
preparation is also available from Research Specialities Co. (p. 40) in a spray package 
for spraying layers. 
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INTRODUCTION 

The various factors to be considered in the application of samples 
to thin layers are the application solvent, the amounts to be applied 
and the mechanics of the application. These are largely controlled by 
the type of information or results desired. Thus, for diagnostic or 
qualitative chromatography a small amount of substance, which need 
not be accurately known, is applied to a single small spot. This is 
then developed simultaneously with spots containing possible com- 
ponents of the mixture (reactants, products or known constituents). 
For quantitative chromatography, a precise amount of the mixture 
to be analyzed must be applied. For preparative chromatography, 
large quantities of the mixture to be separated must be applied in a 
thin uniform band along one edge of a plate. 

After the sample has been applied, it can be caused to undergo 
various reactions which will assist in its identification or will reveal 
something of its properties. 

VARIABLES IN SAMPLE APPLICATION 
Application Solvent 

The solvent used for the application of samples to thin layers is 
not particularly critical, but the following factors should be consid- 
ered. The ideal solvent should boil between 50° and 100° so that it 
does not evaporate too rapidly but can be easily removed at will. It 
should completely dissolve the sample to yield at least a one per cent 
solution, but should be as nonpolar as possible. This allows the 
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gous series of nonpolar compounds. This has been particularly 
adapted to the fatty acid series. 

Malins and Mangold^^^-^^^ prepared Silicone layers by slowly im- 
mersing Silica Gel G layers in a 5 per cent solution of Silicone Oil* 
in ethyl ether. The operation is carried out at room temperature and 
both the plates and the liquid must be at this same temperature. In 
addition, the operation must be carried out slowly. Failure to ob- 
serve these precautions will produce crumbly layers. 

Kaufmann, Makus and Khoe/®^*^^^ and Kaufmann and Ko^^^ have 
used either a 10 to 15 per cent solution of undecane in petroleum 
ether (b.p. 40 to 60°) or a 6 per cent solution of tetradecane in the 
same solvent. Reversed phase layers have been made using paraffin 
by Winterstein, Studer and Riiegg^^''^ (5 per cent in petroleum ether) 
and by Michalec, Sulc and Mestan^^''^ (0.5 per cent in ether). All of 
these were prepared by dipping. 

Purdy and Truter^^^ prepared such layers by allowing Silica Gel 
G layers to be “developed” with a 15 per cent solution of decane in 
petroleum ether. A similar process was carried out by Wagner, Hor- 
hammer and Dengler using 5 per cent paraffin in ethyl ether.^^^ 

After the impregnation, the layers are allowed to dry in the air for 
a few minutes. The development is carried out with polar solvents. 

* Dow-Gorning 200 fluid viscosity 10 cs. Dow-Corning Corp., Midland, Mich. This 
preparation is also available from Research Specialities Co. (p. 40) in a spray package 
for spraying layers. 
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INTRODUCTION 

The various factors to be considered in the application of samples 
to thin layers are the application solvent, the amounts to be applied 
and the mechanics of the application. These are largely controlled by 
the type of information or results desired. Thus, for diagnostic or 
qualitative chromatography a small amount of substance, which need 
not be accurately known, is applied to a single small spot. This is 
then developed simultaneously with spots containing possible com- 
ponents of the mixture (reactants, products or known constituents). 
For quantitative chromatography, a precise amount of the mixture 
to be analyzed must be applied. For preparative chromatography, 
large quantities of the mixture to be separated must be applied in a 
thin uniform band along one edge of a plate. 

After the sample has been applied, it can be caused to undergo 
various reactions which will assist in its identification or will reveal 
something of its properties. 

VARIABLES IN SAMPLE APPLICATION 
Application Solvent 

The solvent used for the application of samples to thin layers is 
not particularly critical, but the following factors should be consid- 
ered. The ideal solvent should boil between 50^^ and 100° so that it 
does not evaporate too rapidly but can be easily removed at will. It 
should completely dissolve the sample to yield at least a one per cent 
solution, but should be as nonpolar as possible. This allows the 
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sample to be concentrated at the center of the spot and not in a ring 
around the edge. The application solvents should, in any case, be re- 
tnoved as completely as possible before the chromatogram is devel- 
oped. 

Amount of Sample Applied 

The easiest and best way to ascertain this quantity is by experi- 
mentation with the specific compounds in question. Every compound 
or mixture should be investigated at several different concentrations. 
This can be done on a single plate and, simultaneously, information 
about trace impurities, relative concentrations and separabilities can 
be obtained. An amount is then chosen which is large enough to be 
effectively visualized and to show trace impurities, and small enough 
to give discrete spots with a minimum of tailing. This amount will 
depend upon the layer thickness and the sensitivity of the visualiza- 
tion procedure which are inversely proportional to each other. Fur- 
ther, it will depend upon the adsorbent and whether the chromatog- 
raphy is adsorption or partition. The former has a much higher 
capacity. When the sample is too large, tailing^^^*'^ and high Rf values‘^'‘- 
will result. 

For diagnostic and quantitative chromatography, samples ranging 
from 10 to 100 y are normally used with layers about 0.25 mm thick. 
For preparative work, amounts ranging from 10 to 300 mg can be 
separated on a single chromatogram depending upon the size of the 
plate, the thickness of the layers, the ease of separation, and the type 
of chroinatogTaphy. 

vSpecific examples of quantitative and preparative thin-layer chro- 
matography will be given in the chapters devoted to these subjects. 

MECHANICS OF APPLICATION 

The application of samples to bound layers is carried out by touch- 
ing the tip of a filled capillary, micropipette, or microburette to the 
adsorbent layer in a manner analogous to that used in paper chro- 
matography, Multiple applications with solvent evaporation after 
each are usually necessary. The sample is placed or “spotted’' about 
2 cm or 1 in. from the end of the plate .so that the solvent level will 
be at least 1 cm below the center of the spot. The diameter of the 
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spot should not exceed 0.5 cm and should be as small as possible. The 
spot can be kept small by a rapid evaporation of solvent using a stream 
of dry nitrogen-*^- or a low-temperature hot Honeg- 

and Wagner, Horhammer and Wolff'^'^- advocate the applica- 
tion of the sample in thin bands about 1 cm long rather than the 
conventional circular spots. The bands are at a 90° titigle to the direc- 
tion of development. Tate and Bishop*^-*® applied samples with a thin 
wire loop (about 1 mm in diameter) rather than the usual capillary 
and Metz“^'^ used a paper gadget to make the application point very 
small. 

The manufacturers furnish a “spotting template” to help with the 
application of a large number of samples. This is a transparent sheet 
of plastic Avhich fits over a thin-layer plate but does not touch the 
layer. It is suspended on t^vo side pieces and is marked at 1-cm inter- 
vals. The Desaga-Brinkmann model is shown in Figure 4.1. 

When a large number of samples must be applied over a long pe- 
riod of time, it is a good idea to cover the layer above the sites of 
application with a clean glass plate to protect it from moisture.'^® 

Diagnostic Chromatography 

For diagnostic work, the sample is usually applied through a melt- 
ing point capillary tube of indeterminate size or a micropipette cali- 
brated in microliters. Such a pipette is furnished by all manufac- 
turers of thin-layer equipment. 

Quantitative Chromatography 

For this purpose, precise application methods are necessary. A 
microsyringe'^ used as such or with a mechanical push-button dis- 
penser (Brinkmann, p. 37) is shown in Figure 4.2. The Agla"^* 
micrometer syringe has also been widely used. An appropriate micro- 
burette could be used. 

Preparative Chromatography 

The application of samples for preparative thin-layer chromatog- 
raphy is ciuite a different problem. Large quantities (50 to 300 mg) 

* The Hamilton Company, Inc., Whittier, Calif. 

** Burroughs Wellcome Co., The Wellcome Bldg., Eiiston Rd., London N.W. 1, Eng- 
land. 
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Figure 4.1. The Desaga-Brinkmann “spotting 
template” in position (Reproduced through the 
courtesy of Brinkmann Instruments, Inc.) 

must be applied in a reasonable time as a uniform band 'ivithout de- 
stroying the layer. Multiple spotting with a single capillary is quite 
unsatisfactory because it is so tedious and almost always results in a 
disturbed layer. 

The simplest approach to this problem is to blow a fine jet of 
sample and solvent into the layer from a suitable pipette while mov- 
ing the pipette in a uniform motion over the plate. The pipette 
should have a small orifice and the operator needs a deft pair of 
hands.* Honegger^s has suggested that the sample be applied in a 
shallow V-shaped ditch made on the starting line. Care must be taken 
so that the ditch does not go through to the glass plate. 

In addition to these methods, two mechanical gadgets are commer- 

* The author has seen this done by Mr. P. J. DeMuria at the Chas. Pfizer Laboratory 
in Groton, Conn, and it has been reported elsewhere. 
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Figure 4.2. Microsyringe with push 
button dispenser for use in quantitative 
thin-layer chromatography. (Reproduced 
through the courtesy of Brinkmann In- 
struments, Inc.) 
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Figure 4.3. The Morgan apparatus for sample application in preparative thin-layer 
chromatography. The apparatus consists of an aluminum bar (1) with holes drilled near 
its ends which permit it to slide freely on two vertical inch brass rods (2) and is held 
up against adjustable stop washers (3) by partially compressed springs (4). The top and 
bottom stop washers are 14 inch OD and %2 i^^^h ID and are enlarged slightly with a 
punch so that they may be forced onto the vertical rods. The bottom washers which 
support the springs are soldered in place while the top washers remain in place by 
friction and may be adjusted by forcing either up or down. The two vertical rods 
threaded, screw^ed into tapped holes, and soldered in place in the cutout base plate 
(5) and the upper horizontal tie rod (6) form the rigid support for the apparatus. 
Thirty-seven precisely drilled inch holes spaced 0.197 inch (0.5 cm) on centers in 
the aluminum crossbar carry the spotting pipettes. These are made from pieces of 1.5 
mm OD Pyrex melting point capillary tubing (Corning ^9530) selected so that they will 
just pass through the holes in the crossbar with no friction. A funnel stop is blown at the 
upper end of each tube, the tubes cut at a length such that the tips will extend to within 
inch of the surface of the chromatographic plate when placed in the crossbar. The 
delivery tips are fire polished and squared off by grinding on a flat piece of fine car- 
borundum wetted with water. Progress in the latter operation should be observed under 
suitable magnification and the grinding continued only until the contact surface of the 
tip is smooth. 

A sample trough of suitable volume and design to be used with the apparatus in 
spotting preparatory plates may be constructed from metal, glass, or plastic depending 
upon the chemical nature of the samples and solvents employed. A trough of the design 
shown was constructed of No. 23 gauge Monel metal and has proven to be satisfactory 
for use with non-corrosive solvents. (Reproduced from Morgan, J. Chromatog., 9, 379 
(1962) through the courtesy of the author and the Elsevier Publishing Co.) 
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cially available foi' sample application in preparative chromatog- 
raphy. These are the multiple capillary arrangement of MorgaiT^'^*^ 
and the moving syringe system of Ritter and Meyer.^^^ 

The Morgan Apparatus, The Morgan apparatus is, simply, some 
thirty-seven capillary tubes arranged in a movable holder and is 
shown in Figure 4.3 with instructions for its construction. All of the 
tubes are filled by dipping them into a trough containing the sample 
in solution and they spot simultaneously when touched to a thin 
layer. It has been used with great success by the author and elsewhere 
at the University of Connecticut, and is commercially available from 
the A. H. Thomas Co.'^ 

The Ritter and Meyer Apparatus, The Ritter and Meyer appara- 
tus is a syringe equipped with a pressure valve that is supported by 
two bars on which it slides freely. The sample is placed in the syringe, 
a slight pressure is applied and the syringe is moved back and forth 
spraying a thin jet of sample. The plate holding the layer is placed on 
an asbestos-covered aluminum block which is heated to facilitate the 
removal of solvent. The apparatus is shown in Figure 4.4. It is com- 
mercially available from Desaga-Brinkmami (see p. 37). 

Sample Application to Unbound Layers 

The unbound layers (excluding the Woelm and Anisil special ad- 
sorbents) are not mechanically stable enough to touch so that samples 
are applied in small drops from a short distance away.^“ When un- 
bound layers are developed in a near horizontal position, the sample 
can be adsorbed on a small amount of adsorbent and placed on the 
thin layer as siich.-^^ This latter technique is especially useful if one 
wishes to rechromatograph a sample on a new layer. The adsorbent 
containing the sample can simply be scraped off of one plate and ap- 
plied to another without elution. Samples are applied to Woelm and 
Anisil layers in the same manner as with bound adsorbents. 

CHEMICAL REACTIONS ON APPLIED SAMPLES 

Sometimes, it is advantageous to modify or prepare a derivative of 
a sample after it has been spotted on a thin layer. This can be accom- 

* Arthur H. Thomas Co., Vine Street at 3rd, Philadelphia, Pa. 
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Figure 4,4. The Ritter and Meyer apparatus for sample applica- 
tion in preparative thin-layer chromatography. (Reproduced from 
Ritter and Meyer, Nature, 193, 941 (1962) through the courtesy of the 
authors and Macmillan and Co,, Ltd.) 


plished by adding the reagent to the developing solvent. Thus, bases 
can be regenerated from their salts and compounds can be bromi- 
nated or oxidized by putting the appropriate reagents in the develop- 
ing system. Alternately, a drop of reagent can be added to the spotted 
sample before chromatography. This technique has been used for 
oxidation, dehydration, hydrogenation and the preparation of de- 
rivatives. These reactions are carried out in the following manner. 

Regeneration of Bases 

The amine or alkaloid is spotted on the layer as its hydrochloride, 
and a base, diethylamine^^® or ammonia, is added to the develop- 
ing solution to the extent of 1 or 2 per cent. A similar reaction was 
performed in the thin-layer separation of the halide ions*"^^^ by Seiler 
and Kaffenberger. The halides wei-e spotted as their sodium and po- 
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tassium salts, but the developing solution contained 10 per cent of 
concentrated ammonium hydroxide and the ions migrated as their 
ammonium salts, Mottier-®^ neutralized dye solutions before chroma- 
tography on alumina by placing a drop of 1 N sodium hydroxide so- 
lution on the layer, drying it and then spotting the sample. 

Bromination^®® 

The sample is spotted in the normal way and the chromatogram 
is developed by solvents containing 0,5 per cent (by volume) of bro- 
mine. 

Oxidation 

Oxidation is brought about by addition of an oxidizing agent to the 
developing system or by direct application over the sample spot. 
Thus, MangokF^^’-^^’-^- separated saturated and unsaturated fatty 
acids on reversed phase layers with a mixture of acetic acid-peracetic 
acid- water (15/2/3). The unsaturated compounds were oxidized and 
moved to the solvent front whereas the saturated compounds were 
separated in a normal manner. 

In an alternate technique, the sample to be oxidized is spotted in 
the normal way and covered with a drop of glacial acetic acid, satu- 
rated with chromic anhydride. The chromatogram is then developed 
with solvents which are not easily oxidized. 

Dehydration^^^ 

The sample, spotted as usual, is covered with a drop of concen- 
trated sulfuric acid and developed with solvents such as hexane which 
are resistant to sulfuric acid. 

Phenylhydrazone Formation^^^ 

The sample, spotted as usual, is covered with a drop of phenyl- 
hydrazine and then developed with a noncarbonyl solvent. 

Semicarbazone Formation^®- 

A 10 per cent solution of semicarbazide hydrochloride is neutral- 
ized with sodium hydroxide and spotted with the sample. The chro- 
matogram is developed with a noncarbonyl solvent. 
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Hydrogenation^®® 

The spotting region of a layer is sprayed with a colloidal solution 
containing 1 to 2 per cent palladium in an electrolyte free solution. 
The plate is dried in an oven, the sample is spotted in the region 
containing the palladium, and the layer is exposed to a hydrogen at- 
mosphere in a vacuum desiccator. The plate is developed iti the nor- 
mal manner. 


Irradiation®^^ 

The spotted sample is irradiated with a suitable energy source in 
the desired atmosphere and developed in the normal manner. 

Salt regeneration and bromination normally go to completion but 
the other reaction products are contaminated with starting materials 
which can be used, untreated, on the chromatograms as standards. 
The reactions listed certainly represent only a small portion of the 
possibilities for this technique. 

* The solution is commercially available from Firma Dr. Th. Scliiichardt, Ainmilierstr. 
25, Munich 13, Germany. 
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INTRODUCTION 

The type of solvent system chosen to make a given separation will 
depend primarily upon whether the chromatography is adsorption or 
partition. Adsorption chromatography is the simpler of the two be- 
cause the solvents are completely miscible in one another and their 
ability to move a sample follows the normal eluotropic series. On the 
other hand, partition chromatography involves a selection of a two- 
phase system which will have desirable partition coefficients for 
the particular sample to be separated. Furthermore, partition chro- 
matography can be of two types depending upon whether the sta- 
tionary phase is polar (normal) or nonpolar (reversed phase). An 
even more complex situation involving various ionic species arises 
with ion-exchange chromatography on thin layers. 

It is sometimes advantageous to add a small amount of some special 
reagent to developing systems to bring about a desired chemical reac- 
tion, to improve separations or to change the layer in some manner. 


ABSORPTION CHROMATOGRAPHY 

The normal worker will spend more time searching the literature 
for solvent systems to use in adsorption chromatography than he will 
in determining these systems by experimentation. This is particularly 
true since the exact adsorptive properties of layers tend to vary from 
one laboratory to another. The classic eluotropic series of Trapped®^ 
Strain^'-^^ and Knight and Groennings^^^ ^PP^Y to thin-layer chroma- 
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tography^^- and are given in Table 5.1. The more polar solvents pro- 
ducing the greatest migrations are at the bottom o£ the columns. 

A pi'eliminary study can be made in two ways. The first, devised 
by Izmailov and Shralberd®^ Crowe, and further developed by Stahl, 
366.369,370 jg tiic simpki. It involves the spotting of the sample in sev-- 
eral places, an inch or so apart, on a single layer. Pure solvents of 
various polarities are deposited at the centers of these spots by means 
of a capillary and the outer edge of the solvent spot is noted. The 
layer is sprayed or visualized in some manner and the solvent which 
moves the sample about halfway between the origin and the outer 
edge is the best solvent. The second way to make a preliminary study 
is by running chromatograms with various solvents. In some labora- 
tories, a series of chromatography jars containing certain key solvents 
like hexane, benzene, ether and methanol are kept ready for this pur- 
pose. In one of these ways, the ideal pure solvent or a pair of solvents 
whose properties “bracket” the material to be separated (one moving 
it less and one moving it more than desirable) are selected. In the 
latter case, various mixtures are investigated, or a gradient elution 
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system^^^ can be used. The gradient elution technique will be dis- 
cussed more extensively in Chapter 6. 

The author and others^^^‘^*"^^ strongly recommend that developing 
mixtures be kept as simple as possible. In most situations, a mixture 
of two components will produce satisfactory results. For example, 
the author has separated a wide range of compounds such as glyco- 
sides, aglycones and nitrogen heterocyclics with mixtures of methanol 
and ether. 

One should not become too concerned about whether the substance 
to be chromatographed is soluble in the solvent system. There ap- 
pears to be no direct relation between Rf and solubility. This is 
probably because migration involves solution from a molecular or 
amorphous state while normal solubility requires the breakup of a 
crystal structure. Thus, sucrose and glucose can be moved readily on 
silica gel by methanol-ether solutions in which they are apparently 
insoluble. 


NORMAL PARTITION CHROMATOGRAPHY 

In this case, the substances to be separated (generally very polar 
compounds like sugars or amino acids) are caused to distribute them- 
selves between a polar stationary phase (water, acetic acid, phenol or 
formamide) on the layer and a moving nonpolar phase. The nonpolar 
phase normally consists of two organic liquids having different po- 
larities. Since the actual developing solution must contain a miscible 
mixture of all three of these components, it is likely that the litera- 
ture will provide easier information than random experimentation. 

The two liquids constituting the nonpolar phase provide the ma- 
jor point of variation for partition chromatography. Within the 
bounds of mutual solubility, their ratio can be varied to provide a 
greater or lesser dissolving power for the moving phase. The litera- 
ture on paper chromatography provides at least a starting point in 
search for a system and is directly applicable when the layer consists 
of powdered cellulose^^® or Silica Gel The literature summarized 
in Chapter 11 cites many solvent systems which have been used in 
thin-layer work. 
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REVERSED-PHASE PARTITION CHROMATOGRAPHY 

In this case, the stationary phase is nonpolar and is usually a high 
boiling hydrocarbon or a Silicone liquid which has been applied to 
the layers are described in Chapter 3, p. 49. The moving, more polar 
phase, might be water, acetic acid, acetonitrile, alcohol, or some com- 
bination of these solvents. The method is useful for separating com- 
pounds of a homologous series such as the fatty acids or their deriva- 
tives. Table 5.2, taken mainly from Mangold*®- suggests several 
possible solvent systems. 


Table 5.2. Developing Systems for Reversed Phase 
Partition Chromatography* 


Solvents* 

Ratios, v/v 

Stationary Phases** 

Lipid Classes Fractionated 

Ref. 

Methanol 


higher paraffins 

carotenals 

449 

Acetic acid“Water 

24/1 

undecane 

fatty acids 

182 


3/1 

Silicone oil 

fatty acids and their 
methyl esters 

230 


17/3 

Silicone oil 

fatty acids and their 
methyl esters and al- 
dehydic cores derived 
from lecithins 

230 

Acetic acid-acetonitrile 

1/1 

undecane 

fatty acids 

182 

Acetic acid-acetoni- 
trile-water 

2/14/5 

Silicone oil and 
squalane 

methyl-esters of fatty 
acids 

230 

Methyl ethyl ketone- 
acetonitrile 

7/3 

higher paraffins 

cholesteryl esters of 
fatty acids 

184 

Ghloroform-methanol- 

water 

5/15/1 

undecane 

diglycerides 

182 

Acetone-acetonitrile 

7/3 

undecane 

triglycerides 

182 

Acetone-ethanol-water 

6/1/3 

polyethylene 

methyl esters of fatty 
acids 

232 

Acetic acid-formic 
acid-water® 

2/2/1 

Silicone oil 

fatty acids saturated/ 
unsaturated 

230 

Acetic acid-peracetic 
acid-water 

15/2/3 

Silicone oil 

fatty acids saturated/ 
unsaturated 

230 


1 All solvent mixtures must be saturated with the stationary phase, 
pto ^ ^ tHe stationary phases. Only polyethylene was applied directly to the 

Chromatographed at 4-6'’. (All others at room temperature.) 

* Repmduc^ from Margold, J./lw, SB, 708 (1961) through the courtesy of the author and 

The American Oil Chemists’ Society. 
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The modifiechcelliilose ion exchangers DEAE and ECTEOLA- 
celluloses have been used by for the separation of 

nucleotides. He used dilute hydrochloric acid (0,02 to 0.04 N) to de- 
velop his chromatograms. Determann, Wieland and Luben'^- used a 
gradient elution system, adding increasing amounts of sodium chlo- 
ride to a phosphate biilfer (pH 7.2), to separate enzymes and nucleo- 
tides on ‘'Sephadex.” Berger, Meyniel and Petit-'^ used 1 M sodium 
nitrate to develop halogen ions on ‘'Dowex 1” and acetic acid-metha- 
nol-acetone to separate fluorescein dyes on the same resin. 

MISCELLANEOUS SPECIAL ADDITIVES 

Several substances have been added to developing solutions for one 
reason or another. As mentioned (p. 58), bromine^®^'’^'^'" 

and oxidizing agentS“’^^~-‘^- are added to bring about some reaction 
with the sample or some part of it. Seiler and Seiler'^*"^*^ have added 
small amounts (0.4 per cent) of the complexing agent, 2 , 5-hexanedi- 
one, to facilitate the separation of inorganic cations. Mistryukov^“'^ 
added a small amount of decalin to developing solutions to be used 
on nonbound layers. The decalin increased the mechanical stability 
of the layer so that it could be visualized by spraying. 

Small amounts of acidic or basic solvents are often added to devel- 
oping systems to facilitate the separation of acids and bases, respec- 
tively, and to prevent “tailing” or smearing. “Tailing” is due, among 
other things, to the presence of more than one ionic species of the 
substances being chromatographed.^*^^ Thus, Mangold“'^^ and ot.hers~^‘^ 
suggest the addition of 1 to 2 per cent of acetic acid to systems for de- 
veloping chromatograms of fatty acids. In a similar manner, systems 
containing ammonia"^--^><> and diethylamine*"^--^^'^^^ are used for sepa- 
rating nitrogenous lipids and other bases. These additives bufl'er the 
system and keep the material being separated exclusively in the non- 
ionic form. 


CHAPTER 6 

Development of Thin-Layer 
Chromatograms 


INTRODUCTION 

The development process, that is, the actual passing of solvents 
through thin layers to cause separations, is a major point of variation 
in thin-layer chromatography. Like the preparation of layers, it chal- 
lenges the imagination of the laboratory worker and many ingenious 
techniques have resulted. 

Thin-layer chromatography has been carried out in an ascending 
manner on vertical or near horizontal plates, in a descending manner 
on vertical plates, or in a linear or circular manner on horizontal 
plates. The development can be performed discontinuously, one 
pass or multiple pass, in a stepwise fashion with different solvents, 
continuously or by gradient elution methods. The layers can be 
scored in such a way that the chromatography is carried out in wedge 
or modified wedge-shaped areas. The process can be carried out in 
a two-dimensional fashion with different solvent systems being used 
in each direction. The layer or the sample may also be modified be- 
tween two developments. These techniques will be discussed in detail 
in this chapter. 

Finally, the various factors which influence the development or, 
more precisely, the Rf values resulting thei'efrom will be considered. 
These include the nature of the adsorbent and of the developing sys- 
tem, the nature and amount of the sample, the chamber saturation, the 
use of multicomponent solvent systems and the temperature. Some 
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methods of reporting Rf values and the causes and alleviation of tail- 
ing will be briefly discussed. 

METHODS OF DEVELOPMENT 
Ascending Chromatography 

Most thin-layer chromatograms are developed by placing a glass 
plate, containing the sample on a bound, thin layer, in a vertical 
position in a closed, saturated system such that the bottom of the 
layer dips into the developing solvent. After the solvent ascends 10 
to 15 cm, the plate is removed, dried, and visualized in some manner. 
Two or more layers can normally be processed in the same container 
provided that care is taken to completely saturate the system. 

Kirchner, Miller and Keller found that when water is a compo- 
nent of the developing system, the adsorbent layer tends to slide off 
of the plate below the solvent level. This problem was solved by 
standing the plate containing the layer on a cotton wad saturated with 
solvent. The author has observed a similar effect with very polar 
solvent systems, but found that even though the adsorbent below the 
liquid surhice slides off, enough remains to carry the solvent into the 
layer satisfactorily. 

While the plates are normally leaned against the side of the chro- 
matographic jar or tank, several pieces of apparatus have been devised 
for holding them. A stainless-steel rack which will hold two large 
plates (20 X 20 cm) is available from Desaga-Brinkmann (p. 37), 
but a more versatile apparatus is available from Kensington Scientific 
Corp. (p. 36). This apparatus, pictured in Figure 6.1, is constructed 
from glass rods and will hold two plates (10 X 20 cm). It is suspended 
in a chromatographic chamber such that it can be raised or lowered 
without opening the chamber and thus allows the equilibration of a 
layer with the solvent befoi'e actual development. Such an equilibra- 
tion step is recommended for partition chromatography. 

When unbound layers are used (p, 46) they must be kept in a 
near-horizontal position (10 to 20° from horizontal) so that the ad- 
sorbent does not slide off. While other schemes have been devised,^"'^ 
the simplest method for supporting these plates is that of Mottier and 
Potterat.^®^ As shown in Figure 6.2, the plates are propped in a large 
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Figure 6.L Chromatographic chamber containing a movable plate holding device 
which can be used to equilibrate thin-layer chromatograms prior to development. It is 
shown in a raised position, a. and a lowered position, b. (Reproduced through the cour- 
tesy of the KeiivSington Scientific Corp.) 


Petri dish or crystallizing dish and the dish is tilted so that the solvent 
is confined to the portion touching the layer. 


Descending Chromatography 

The technique of descending thindayer chromatography has essen- 
tially been worked out and applied by W. L. Stanley and his co- 
workers.'^®^"'^®^’^^® They suspended 0.5 in. wide “chromatostrips” 
coated with a silicic acid starch layer in an especially designed cham- 
ber as shown in Figure 6.3. The developing solvent is carried from the 
reservoir by a piece of coarse filter paper which is clipped to the top 
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Figure 6.2. Development of a thin layer of unbound adsorbent. (Reproduced 
from Mottier and Pottcrat, Anal. Chim. Acta, 13, 46 (195.5) through the courtesy 
of the authors and the Elsevier Publishing Co.) 



end of the layer. Such a system is advantageous in that it permits a 
continuous chromatography from which samples of eluent can be 
removed for analysis,'^^'"^ Furthermore, it allows the use of relatively 
nonpolar solvents over a long time period and gives better separa- 
tions. 
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Descending chromatography on wide plates containing the some- 
what more fragile Silica Gel G layers has been carried out by Birkofer, 
Kaiser, Meyer-Stoll and Suppan^® and by Zollner and 
The apparatus of the latter authors is much the simpler of the two 
and is shown in Figure 6.4. The solvent is carried to the surface of the 
layer (facing down) by a piece of paper which also helps to saturate 
the atmosphere. The apparatus has an additional advantage in that 
a paper chromatography jar can easily be modified for the purpose, 

Mistryukov-^^''* has described an apparatus for the development, by 
descending chromatography, of unbound layers. 

Horizontal Chromatography 

Linear* Mistryukov^^^ has published a method for carrying out 
linear chromatography on completely horizontal unbound layers and 
the continuous chromatography of Brenner and Niederwieser^®*'^® as 
described below is on horizontal layers. 

Circular. The original publication on bound layers by Meinhard 
and HalP^® involved circular chromatography of inorganic ions and 
since then, the technique has been used 

The sample is placed at the center of a layer and the solvent is fed 
into the center of the spot with a or a cotton wick''^'^ 

held in contact with the layer. The resulting chromatogram consists 



Figure 6.4. Descending chromatography on wide 
plates. The dotted line represents the layer. (Repro- 
duced from Zollner and Wolfram. Kim. Wockschr., 40, 
1098 (1962) through the courtesy of the authors and 
Springer Verlag), 
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of concentric rings. An alternate method which allows the compari' 
son of several samples involves the placement of samples around and 
equidistant from a center point. Solvent is fed into the center point 
and the result consists of a series of chromatograms radiating from the 
center point. Figure 6.5 shows one arrangement for circular chro- 
matography by Stahl. The apparatus requires a plate with a small 
hole in it. 

Discontinuous Development 

Single Pass. The vast majority of thin-layer chromatography has 
been carried out by allowing a single solvent system to pass through 
the layer one time. As discussed below, however, there is some reason 
to believe that better results could be obtained by different tech- 
niques. 

Multiple Pass. Under the proper conditions, the development of 
a layer several times with the same solvent (with drying between de- 
velopments) offers considerable advantage. The technique has been 
extensively and has, in itself, been the subject 

of two important papers. 

The first paper^^^ dealt with paper chromatography, but should be 
equally applicable to thin layers. In it, Jeanes, Wise and Dimler state 
that the optimum number of passes, rimax ? can be predicted using 
Equation (6.1) where Rf^ and Rf.^ are the values of individual com- 



Figure 6.5. Circular thin-layer chromatography. 

1 glass plate (20 X 20 cm) 5 cotton rvick 

2 Silica Gel G layer (0.25) 6 Petri dish cover 

3 2 mm hole 1 developing solvent 

4 sample spots 

(Reproduced from Stahl, Farfum. Kosmetik, 39, 564 
(1958) through the courtesy of the author and Dr. Al- 
fred Huethig Verlag, Heidelberg, Germany). 
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log Rfi - log Rf, 


pounds or Equation (6.2) ’^V'here Rf is the average Rf value of the 
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compounds. In the second paper'll which does discuss thin-layer chro- 
matography, Thoma gives Equation (6.3) for the calculation (using 
the same symbols as 6.1 and 6.2). It is apparent from these equations 


-1 

~ In, (1 -Rr) 


(6.3) 


that systems with low Rf values (0.2 or less) can be greatly assisted by 
repeated de\ elopments tdiile those systems with high Rf values can- 
not. Thoma tvas able to shotv that better separations were, in fact, ob- 
tained by several developments with a le.ss polar solvent system than 
by one development with a more polar one. 

Stepwise Development. Stahl and his co-workers'*'*”"'*"''' devised a 
technique in which the layer was developed twice to difloring heights 
with different solvent systems. Such a system is ideal when the sample 
contains a group of similar polar molecules and a group of similar 
nonpolar molecules. The chromatogram is first developed halfway 
(about 6 to 7 cm) with a polar system which deposits the nonpolar 
compounds at the solvent front about halfway up the layer and re- 
solves the polar mixture in the bottom half of the chromatogram. 
The chromatogram is removed, dried and developed with a non- 
polar solvent system. This system passes over the separated polar 
substances and resolves the nonpolar mixture in the top half of the 
chromatogram. This method is illustrated in Figure 6.6^'® by the 
separation of a mixture of glycosides (polar) and aglycones (non- 
polar). Similar schemes have been used by Billeter ancl Martins®® for 
the separation of the K vitamins and by Mangold and Kammereck®®® 
for the separation of lipid derivatives. 

Weicker^®® used still a third step for the separation of complex 
lipid mixtures. He first developed silica gel layers to 3 cm with pro- 
panol-ammonia (2:1). This carried the fatty acids, cholesterol and 
cholesterol esters to the .solvent front and resolved lecithins and polar 
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Figure 6.6, Thin<layer chromatography of Podophyliim components using 
a stepwise technique. 1. a-Peltatin-^-D-glucoside; 2, Podophyllotoxin gluco- 
side; 3. /3-Peltatin-/3'D-gUicoside; 4. 4'-Demethylpodophyllotoxin; 5. a-Pelta- 
tin; 6. Podophyllotoxin; 7. /3-Peltatin; 8. l-Deshydroxypodophyllotoxin. The 
plant extracts (marked podophyllin) and the drugs of two species of Podo- 
phyllum, peltatum L. (p) and P. emodi Wail (e) are shown along with a 
synthetic mixture of the eight compounds. The adsorbent was Silica Gel G 
and the solvent systems for steps 1 and 2 were 10*?o methanol in chloroform 
and 35% acetone in chloroform respectively. (Reproduced from Stahl and 
Kaitenbach, J. Chromatog,, 5, 54S (1961) through the courtesy of the authors 
and the Elsevier Publishing Co.) 

lipids. A second development with chloroform-benzene (3:1) to 10 
cm resolved the fatty acids and free cholesterol and carried the clio- 
lesterol esters to the solvent front. The layer wdis then rotated 180^ 
and developed to a height of 4 cm with carbon tetrachloride to re- 
solve cholesterol esters. 

Still another variation'^^’^ involves replacement of old adsorbent 
with new, and subsequent chromatography. Thus, in the separation 
of lipids, the crude mixture is developed first with ether-petroleum 
ether (5 : 95) on an imboimd alumina layer. This moves the tri- 
glyceride fraction and the cholesterol esters. The adsorbent contain- 
ing these components is removed and they are then assayed. The por- 
tion of the plate which contained these components is then cleaned 
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and a new layer added. Development with petroleum ether-ether- 
acetic acid (94.5:5:0.5), then moves and separates cholesterol, fatty 
acids and phospholipids on the new layer and they are subsequently 
removed and assayed. 

Gradient Elution. Rybicka^^^»^^^ and Determami, Wieland, and 
Luben®^ have developed apparatus for gradient elution of thin-layer 
chromatograms, that is, for changing the solvent during the actual 
course of development. In this case a chromatography jar equipped 
with a magnetic stirrer is used. The chromatogram is dipped into one 
solvent (the less polar) in the bottom of the jar. Simultaneously, a 
second solvent (the more polar) is added from a burette which is 
connected to a glass tube extending through a hole in the top of the 
jar to the solvent surface. As the development and the addition con- 
tinue, the properties of the solvent system slowly approach those of 
the added solvent. Using this technique, Rybicka separated giyc- 
erides^^^^’"^^^^ on silica gel layers, Hofmann^^‘^ separated proteins on 
hydroxyl-apatite and Determann, Wieland and Luben*^^ separated en- 
zymes and nucleotides on “DEAE-Sephadex.” 

Chromatography in Shaped Areas. Sometimes, layers are scored 
or divided with a sharp object into various shaped areas such as is 
shown in Figure 6.7. These shapes are such that the solvent enters 
through a narrow area of the layer and is foi'ced to expand into the 
wider areas. The method was introduced by Mottier-^^ who used 
shape 6.7a in unbound alumina layers. Shapes 6.7b and 6.7c have been 
used by StahP^® and Peereboom and Beekes^®^ and a wedge shape, 
6.7d, is preferred by Prey, Berbalk and KauszP^’^ The result of such 
a chromatogram is that the horizontal dimension of the spots is in- 
creased and the vertical dimension is decreased. The resulting narrow 
bands allow a greater number of compounds to be more completely 
separated than usual. An additional advantage of this technique is 
that small quantities of one component can be found in the presence 
of a large amount of another.^^' The chromatogram 6,7c is the result 
of the separation of a mixture of one hundred parts of saccharose to 
one part of rafRnose. 

Two-Dimensional Chromatography. Sometimes, more components 
are in a mixture than will separate clearly on a one-dimensional strip. 
Or, perhaps, the mixture contains substances that differ from one 



Development of Thin-Layer Chromatograms 


75 



Figure 6.7. Chromatography in shaped areas according to 
Mottier,-““ a, b, Peereboom and Beekes,^®^ c, and 

Prey, Berbalk and ICausz,®®" d. 


another so much that two solvent systems should be used. In these 
situations chromatography is often carried out in two directions 
which are perpendicular to one another. The general procedure is 
as follows. The sample is spotted in one corner of a square layer and 
developed so that the components are resolved along one edge of the 
plate. The chromatogram is then removed from the developing jar, 
dried and placed in a second solvent so that the previously formed 
component spots along the bottom of the plate are again submitted 
to chromatography. Such a system has been used extensively in thin- 

layer chromatography 221,269.817,352,371 ^hc major point 

of variation in this technique is what is done to the solvent system or 
to the layer between the two developments. 

Normally, two different solvent systems are used in the two devel- 
opments so that the sample is exposed to the broadest possible condi- 
tions. The layer can be modified between the developments by dip- 
ping it in a hydrocarbon or a Silicone oil solution-^^ to make a 
reversed phase chromatogram. The latter system has been especially 
useful in the lipid field where adsorption chromatography is used in 
one direction to separate the lipid classes and reversed phase chro- 
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matography is used in the second direction to resolve the classes. 
Anef"’ has actually changed the adsorbent between developments. He 
first chromatographed 2,4-dinitrophenyIhydrazones on Silica Gel G 
in one direction with toluene-ethyl acetate (3:1); then scraped off 
the adsorbent above the rotv of spots and replaced it with Aluminum 
Oxide G, and finally developed with the same solvent in the new 
adsorbent. The layers were made in each case with the modified*'’^ 
Camag apparatus (see p. 36). 

Any of the modifying reactions listed in Chapter 3 (p. 57) can be 
carried out after the first development. Thus, hydrogenation, 
bromination^^® or irradiation^’’^ sometimes modifies a mixture in such 
a way that the compounds which did not separate in the first develop- 
ment will do so in the second. This technicjue, called separation-reac- 
tion-separation by Stahl,’*’’ is clearly shown in the chromatogram in 
Figure 6.8 prepared by Stahl, where an irradiation reaction was car- 
ried out bettveen separations. The chromatogram also shows the use 
of standards. 

Continuous Development 

Continuous development, or elution through a thin layer of ad- 
sorbent, offers two advantages. First, samples can be eluted off the 
end of the chromatogram, thus allowing the separation of mixtures 
containing components of widely differing polarities. Second, it al- 
lows the use of a relatively nonpolar solvent system over a long pe- 
riod of time. In this respect, it should be noted that a very polar de- 
veloper tends, not only to move things too fast, but to override small 
differences between mixture components. Of course, with increased 
developing times, the spots diffuse more and separations become less 
sharp. 

One method which has been used for this purpose (p- 68) is de- 
scending chromatography. In this technique, the solvent drips 
from the bottom of the layer into the chromatogxaphy chamber and 
can be collected easily. A commercial apparatus is available from Re- 
search Specialities Co. (see p. 40) for this purpose. The apparatus 
is similar to that shown in Figure 6.3 except that there is an opening 
in the bottom of the chamber. 

A second approach for continuous development has been described 
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Figure 6.8. Thin-layer chromatography of pyrethrins by the separation- 
reaction separation-technique. The irradiation (dotted line area) was per- 
formed after the first separation. The same solvent system, 25% ethyl acetate 
in hexane, was used for both separations. The sample was initially placed 
at i. Spots la, lb and 2a and 2b are different concentrations of the starting 
mixture which will be developed in only one direction in order to orient the 
results of the two dimensional chromatogram. Spots Ic and 2c are a com- 
mercial (Desaga-Brinkmann) dye mixture of butter yellow, indophenol and 
Sudan Red G which is used to calibrate the layer and validate the Rf values 
given. The adsorbent was Silica Gel G. (Reproduced from Stahl, Arxh. 
Pharm., 293/65, 531 (1960) though the courtesy of the author and Verlag 
Chemie.) 

by Brenner and Niederwieser.^’"'’^® In this technique, the solvent is 
carried by a paper wick to one edge of a thin layer, passes through it 
and evaporates at the opposite edge. Samples cannot be taken from 
the end of the layer in this apparatus, which is illustrated in Figure 
6.9. This has been used for the separation of amino acids^^ and for 









Figure 6,9, Brenner-Niederwieser apparatus for continuous, horizontal thin-layer 
chromatography. All measurements are in ram. Drawing a shows the steel solvent trough 
and the holes which feed solvent into it. Drawing b is the filter paper wick which 
carries the solvent to the layer. Drawing c shows a thin layer which has been spotted on 
a line 15 mra from the bottom and from which the adsorbent has been removed on the 
outermost 6 mm of the sides. Drawing d shows the layer in place on a cork ring with 
the wick in place and a detail of the edge strip which will support the cover plate. 
Drawing e shows a top view of the assembled apparatus and drawing f shows a side 
view (without the edge strips). In operation the sample is applied, the apparatus is 
assembled and the solvent is added. (Reproduced from Brenner and Niederwieser, 
Experientia, 17, 237 (1961) through the courtesy of the authors and Birkhaeuser Verlag). 
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preparative separations.^'^® A commercial apparatus is available from 
Desaga-Brinkmann (see p. 37). 

Essentially the same thing has been accomplished in a simpler 
fashion by developing in chambers without lids or by using a chamber 
shorter than the layer is long. In the latter case, a cover with a slit 
for the plate is used as shown in Figure 6.10a. The solvent evaporates 
after it emerges from the slit. The author has carried out continuous 
development by placing a piece of filter paper over the top of the 
plate as shown in Figure 6.10b. The filter paper is held in place with 
rubber bands or paper clips and leads the solvent over the top of the 
plate. 

Layer Electrophoresis 

Electrophoresis has been carried out on thin layers by Honegger^^® 
and by Pastuska and Trinks.^^^ Honegger used Silica Gel G, Kiesel- 
guhr G and Aluminum Oxide G for the separation of amines and 
amino acids and combined the two processes of thin-layer chromatog- 
raphy and electrophoresis. That is, he separated a mixture by chro- 
matography in one dimension and subjected the results to electro- 
phoresis in the second dimension. Pastuska and Trinks investigated 
amino acids, phenols, amines and dyes. In both cases, the layer was 




Figure 6.10. Simple arrangements for continuous thin- 
layer chromatography. 
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impregnated with an appropriate electrolyte and current ^vas trans- 
mitted to the layer with filter paper moistened with electrolyte. 


REPRODUCIBILITY OF R/ VALUES 

One of the major disadvantages of thin-layer chromatography is 
that Rf values of substances are not exactly reproducible, at least from 
one laboratory to another. Furthermore, different samples of the same 
compound sometimes show slightly different behavior even on the 
same layer. These difficulties are more common in adsorption thin- 
layer chromatography and are probably traceable to the complexity 
of surface adsorption or to the fact that no two laboratories prepare 
layers in exactly the same manner. Many 

have commented extensively on this problem and their remarks will 
be summarized by considering the various factors which determine 
and affect Rf values. 

Nature of the Adsorbent 

The nature of the adsorbent and the thickness and moisture con- 
tent of the layers are major factors in the determination of Rf values 
and have been discussed previously in this book. The use of standard, 
commercial adsorbents, layer thicknesses over 0.15 mm and con- 
sistent drying times will largely reduce the variations. It has been 
noted, however, that there is an appreciable difference between 
batches of Silica Gel G. The worker should also remember that an 
activated layer becomes less active after exposure to a moist atmos- 
phere for appreciable times. 

Developing System 

The nature of the developing system is, of course, a prime factor 
in any discussion of Rf values and should be controlled as closely as 
possible by the use of reagent grade solvents. Solvent mixtures should 
be made up frequently. This is especially true when very volatile 
solvents such as ether or pentane are being used. The mere opening 
of a chamber containing such a volatile solvent in a mixture can 
change the concentration appreciably. 
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Nature and Amount of Applied Sample 

The nature of the sample, that is the properties of its components, 
is the third major factor in the determination of Rf values and is 
not controllable. The amount of sample does not have too much effect 
so long as it does not exceed the capacity of the system. Above this 
point, the Rf increases^^^ or decreases and tailing or bearding re- 
sults, depending upon whether the substance has a convex or a con- 
cave adsorption isotherm (see p. 82). The worker is urged to look 
at a given compound or mixture at several concentrations since the 
capacity of a layer will vary from one substance to another.'*’^ 

The Rf of a given substance may not be exactly the same in a mix- 
ture as it is in the pure state.^®® If a given compound is suspected to 
be present in a mixture, this should be confirmed by chromatograph- 
ing a pure sample against a mixture of the pure compound and the 
substance under investigation. The appropriate spot should increase 
in size if the compound is, in fact, a component. 

Saturation of the Chamber 

Care should be taken to saturate the chromatographic chamber 
with solvent as completely as possible before use.^®^ This is normally 
accomplished by partially lining the walls with filter paper which 
dips into the solvent and, when possible, by shaking the chamber 
before the introduction of the chromatogram.^'^ Such saturation 
(called oversaturation by Stahl) will speed up development by about 
one-third, will give lower, but more consistent Rf values and will 
produce straighter solvent fronts and rounder spots. 

The so-called “edge effect, that is, the difference in i?/ values 
between the center and the edge of the plate, can largely be cured by 
complete chamber saturation if the layers have a fairly consistent 
thickness. 

Multicomponent Developing Systems 

There are two factors which should be watched when the develop- 
ing system consists of several solvents. The first, as noted above, is 
the evaporation of the more volatile components and the second is 
the variation in concentration which will occur as the solvent front 
moves up the layer. To alleviate this latter situation, Brenner, Nieder- 
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wieser, Pataki and Fahmy'" recommended that the ratio of the dis- 
tance from the solvent level to the sample origin and the total dis- 
tance traveled by the solvent front be kept constant when precise Rf 
values are being measured. 

Temperature 

Variations in temperature have little effect on thin-layer chro- 
matography.*^ This is in contrast to the situation with paper chro- 
matography where it is quite important. This is understandable 
where adsorption chromatography is concerned, but less so when the 
chromatography is partition. 

REPORTING R/ VALUES 

When reporting Rf values, it is a good idea to report the Rf values 
of some universally available substance or substances in the system 
used. The dye system of Stahl (butter yellow-indophenol-Sudan Red 
G)369 jj readily available (from Desaga-Brinkmann) and is satisfactory 
for certain ranges of adsorption chromatography. As an alternate 
method, Dhont and de Rooy®*’®® reported Rb values (sample migra- 
tion/migration of butter yellow) for 2 , 4-dinitrophenylhydrazones 
and 3 , 5-dinitrobenzoates; Peereboom^'*® reports Ra. values (sample 
migration/migration of dibutyl sebacate) for various esters used as 
plasticizers; and Lisboa and Diczfalusy^^* report Robx values (sample 
migration / migration of estrone) for steroids. 

TAILING 

This bothersome phenomenon can normally be attributed to two 
factors, both of which have been discussed previously. The first, that 
is, the presence of various ionic species of acids and bases, can be al- 
leviated by the addition of small quantities of acids and bases to the 
developing system (p. 65). The second factor is sample overloading 
such that one is working in the nonlinear portions of the isotherms 
of the substances being separated.* If the isotherms are convex, tail- 

^ This is discussed in considerable detail by Hagdahl on pages 63 and 64 and by 
Giddings and Keller on page 96 in Heftmann’s book “Chromatography/'^^ 
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mg will occur in concentrations above the linear range. If they are 
concave, bearding or tails which precede the sample lill result Tn 
any case, the situation can be improved by working at lower concentra 


CHR.OMATOGRAPHY CHAMBERS 

Any wide-mouth jar or bottle which can be completely sealed will 
serve as a chromatography chamber. The ideal chamber is not too 
much large! than the plates ivhich are to be developed so that cham- 
ber saturation IS rapid and, further should have a fairly flat bottom 
so that the plate will be straight. Special chambers are available from 
all of the manufacturers of thin-layer equipment. 




CHAPTER 7 


Visualization 


INTRODUCTION 

The visualization of developed thin-layer chromatograms can be 
carried out in many ways. The method used in a specific case will de- 
pend upon the type of compounds to be visualized, the nature of the 
adsorbent and the purpose of the chromatogram. Most visualization 
methods involve a spray reagent, but other techniques are available. 

The inorganic character of most thin layers permits the use of cor- 
rosive spray reagents such as sulfuric acid, nitric acid, chromic acid 
or mixtures of these. These acids will convert almost any organic 
compound to carbon and thereby serve as universal reagents. The ap- 
plicability of such reagents constitutes one of the major advantages of 
thin-layer chromatography. In addition, those specific spray reagents 
which have been developed for paper chroma tography and which do 
not involve a mechanical washing step can be used. 

The majority of spray reagents are destructive in that they destroy 
or modify the materials which they visualize. In preparative thin- 
layer work or in quantitative work where the sample is to be eluted 
before assay, such destructive methods cannot be used. Techniques 
for surmounting this problem will be discussed in Chapters 9 and 10. 

Visualization techniques involving the presence of phosphors or 
fluorescent substances in thin-layer adsorbents have been developed 
as well as methods depending upon the relative transparencies of 
adsorbent and adsorbed compounds when sprayed with the proper 
reagent. Finally, techniques of radiochemistry and bioassay have been 
applied to the problem of visualization. 
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CORROSIVE ANB UNIVERSAL SPRAY REAGENTS 

With the exception of iodine, these reagents are strong dehydrat- 
ing and oxidizing systems which function by converting organic com- 
pounds to carbon. The reagents are sprayed on the chromatograms 
which are subsequently heated to about lOO*^, and the organic com- 
pounds appear as black spots. The system is not without flaws, how- 
ever. When layers containing silver nitrate are sprayed with sulfuric 
acid,-^® a very strong oxidizing system is produced which oxidizes the 
organic compounds to carbon dioxide. A second diflFiculty arises when 
the compound is very unreactive or volatilizes before it chars. In the 
case of camphor, this difficulty was solved by spraying the chromato- 
gram with concentrated sulfuric acid containing 5 per cent nitric 
acid. The sprayed chromatogTam was placed, face down, on a glass 
cloth and heated on a hot plate registering approximately 500°. After 
the acid fumes ceased to come off, the glass plate was removed and 
the layer (which had come loose from the plate) was turned over with 
the glass cloth. The compounds showed as black spots. Such a vola- 
tility has been utilized by Baehler,^® who visualized chromatograms 
by subliming the resolved compounds out of the adsorbent layer on 
to a cooled plate held 1 mm above the heated layer (see p. 115). 

Iodine, either in a spray or as a vapor, is an exceptionally fine uni- 
versal reagent and has been used extensively (see Table 7.1). It ap- 
pears to concentrate itself in the region containing an organic coni- 
pound,^^^'-‘^‘^ thus producing a brown spot. The normal technique is 
to spray with 1 % solution of iodine in methanol or to place the layer 
in a closed container with a few crystals of iodine. In either case, the 
spots fade rapidly and must be marked quickly. Under normal condi- 
tions, the reagent does not appear to modify the adsorbed sub- 
stances. If one wishes more permanent spots, the layers can be 
sprayed with a 0.5 per cent solution of benzidine in absolute ethanol 
while the iodine spots are still visible.® 

A number of universal reagents are given in Table 7.1. 

SPECIFIC SPRAY REAGENTS 

In general, paper chromatographic spray systems which do not re- 
quire mechanical w^^ashing are applicable to thin layers. If, however. 
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Table 7.1. Universal Spray Reagents Used in 
Thin-Layer Chromatography 

Reagent Composition and Use Ref. 


1. Gone. H 2 SO 4 Spray with acid and heat to lOO-l 10°. 


50% H 2 SO 4 

2% H 2 SO 4 in 
HsO-EtOH (1:1) 
H 2 SO 4 in acetic 
anhydride 
2. H2S0'4-KMn04 


3. HaSOi-NaaCr.OT 


H2S04-K2Gro07 


H 2 S 04 -chromic 

acid 

4. HoS04-HNOa 


5. HCIO 4 


6, I 2 


Spray with reagent and heat to 200°. 
Observe in daylight and U.Vh 

Spray with reagent and heat to 100°. 

Spray with H 2 S 04 -acetic anhydride 
(1 :3) and heat. 

Sol. A; 0.5 g KMn 04 in 15 ml cone. 

HaSO-d 

a. Spray with A. 

b. Heat. 

Sol. A: 3 g Na 2 Gro 07 in 20 ml H 2 O 
diluted with 10 mi cone. H 2 SO 4 

a. Spray with A. 

b. Heat. 

Spray with sat. sol. of K 2 Gr 20 T in 
cone. H 2 SO 4 and heat. 

Spray with a sat. sol. of chromic acid 
in cone. H 2 SO 4 and heat. 

Spray with H 2 SO 4 -HNO 3 (1:1) and 
heat. 

Spray with 5% HNO 3 in H 2 SO 4 and 
heat. 

Spray with 2% (or 25%) sol. and heat 
to 150°. 

Allow 70% acid to diffuse into the 
layer at right angle to developing 
direction. 

Spray with 1% of 1 2 in MeOH. 

Place in closed chamber containing 
1 2 crystals. 


1 2 -benzidine 


Spray 1 2 treated layer with 0.5% sol. 
of benzidine in absolute EtOH. 


193 and many 
others 

25, 26, 27, 262, 
264, 310, 420 
221 

363, 368, 378 
19, 98 


98 


95 

232 


no, 

190, 191, 193, 252 
247, 296 
70 


119,130, 183, 186, 
230, 232, 234, 
235, 244, 249, 
292, 361, 397, 
420 


^ Large quantities of KMn 04 can lead to the formation of explosive manganese heptoxide. 

Silica Gel G layers are treated with dichlorodimethylsilane/*® they 
are stable enough to be washed. The procedure is to place the layer 
in a vacuum desiccator with the silane and evacuate it to 300 mm for 
fifteen minutes. The layer is removed and allowed to stand for 
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thirty minutes. It is theu stable enough to be dipped in aqueous soku 
tions. 

A number of specific spray reagents are given in Table 7.2. Table 
7.3 is a cross reference for Table 7.2. 


Explanation of Table 7.2 

Reagent. The reagents are listed alphabetically according to the 
major component of the reagent or, on occasion, the name of the re- 
agent. The minor components as tvell as some additional names are 
given in the cross reference, Table 7.3. 

Preparation and Use. When several similar preparations have 
been used, the author has chosen one to put in the table. However, 
the references apply to all documented applications of the reagents. 

The following abbreviations are used to conserve space: 


HO Ac acetic acid 

NaOAc sodium acetate 
EtOAc ethyl acetate 
EtOH ethanol 
MeOH methanol 


PrOH n-propanol 

BuOH n-butanol 

pet. ether petroleum ether 

EtOEt ethyl ether 


Type of Compounds. The types of compounds given cover most, 
but not all, of the total uses of a given reagent. 

Color. The colors are generally taken from a single paper and 
should not be taken too seriously. 

References, The references apply to the main bibliography. 


METHODS INVOLVING FLUORESCENCE AND 
PHOSPHORESCENCE 

The preparation of liuorescent and phosphorescent thin layers by 
the incorporation of chemicals in the adsorbent has been discussed 
in Chapter 2. Several fluorescent reagents such as 2',7'-dichlorofluo- 
rescein (0.2 per cent in ethanol,^^^), fluorescein (0.04 to 0.004 per 
cent sodium salt in Rhodamine B (0.05 per cent in 

water, and morin (0.05 per cent in methanoP^^) can also be 
sprayed on thin-layer chromatograms. 

In any case, the treated layers cause compounds containing con- 
jugated double bonds to show^ up as colored spots when viewed in an 
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Reagent j Preparation and Use Type of Compounds C’olor 
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i. Dip layers in A for 10 min. 

. Wash with HaO for 30 min. 

Dip in B for 10 min. 

. Wash in HaO 


Table 7.2 — Continued 
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Table 7,2 — Continued 
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s 


Fluorescein-Brj Sol. A: 0.04% aqueous sol. of sodium fluorescein unsaturated compounds yellovi spots on 105, 106, 107, 171, 

a. Spray with A pink 190, 191, 192, 

b. Observe in U.V. for conjugated systems 193, 232, 252, 

c. Expose to Brs 328, 365, 368 

d. Observe in U.V, for unsaturates j 
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i. spray with A 

), Allow- to stand 3-16 hr. 

;. Observe in U.V, and daylight 




98 


Thin-Layer Chromatography 




orf/i£»“Phosphoric acid-phospho- Sol. A: 40% <?r//i(?-phosphoric acid steroids blue-green 433,434,435 

molybdic acid Sol, B: 5% sol. of phosphomolybdic acid 

a. Spray with A 

b. Heat to 110® for 7 min. 




Prochazka reagent Sol. A: 10 ml of 35% formaldehyde, 10 ml of 25% i indole derivatives 1 yellow 376 


100 


Thin-Layer Chromatography 


S ^ 2 .S ^ 

'g ^ o ^ 6 

2 «3 ffi ^ 

u Am o S' 

IJJ c/5 ffi O 2 


K o K ‘2 ^ 

Sw g.<o 

‘®rClin»c!(N^ 

f felgl ol o’^ 

•• •• •• P3 rt r 

< « y b. J a J a 

. • • OQ S! c/5 ffi W 


" -a S fi 

•! s ? - s s I 

0 S ^ 

§ cj 5 b 

M ^ .2 ‘s g ^ 

o ^ b I o 

6 r- lO “ 

< f« u I fe, O 

. . . ^5 «5 Z 


Silver nitiate-NH^OH-flu- Sol, A: i% sol. of AgNOs made basic with halogen ions 357 



Visualization 


101 



110° for 5-10 



Table 1 .2~Co7itinued 
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Table 7.3. Gross References to Specific Spray Reagents 


Reagent or Name 

Item in 7.2 

Reagent or Name 

Item in 7,2 

Acetic anhydride 

10 

Iodine 

26 

Benzidine 

25 

Lithium hydroxide 

89 

Bismuth nitrate 

37 

Pauly’s reagent 

81 

Bismuth carbonate 

37 

Perchloric acid 

4 

Borax 

30 

Potassium ferricyanide 

40 

Bromine 

42 

Potassium iodide 

21 

Chloramine-T 

84 

Potassium iodoplatinate 

49 

Cobalt acetate 

89 

Potassium permanganate 

78 

2,4,6-Goilidine 

57 

Potassium thiocyanate 

41 

j&-Dimethylaminobenzal- 

38 

Pyruvic acid 

33a 

dehyde 


Schiff’s i-eagent 

60 

3,5-Dinitrobenzoic acid 

53 

Sodium molybdate 

43 

Diphospho-pyridine nu- 

33a 

Sodium tungstate 

43 

cleotide (reduced) 


Stannous chloride 

4, 72 

Dithiooxamide 

24 

Starch 

21 

Dithizone 

36a 

Thiobarbituric acid 

78 

Ferric chloride 

47 

Thionyl chloride 

10 

Fluorescein 

76 

Toluidine 

21 

Formaldehyde 

70 

Trichloroacetic acid 

19 

Hydrogen sulfide 

67 

Urea 

66 

Hydroxylamine-HGl 

47 

van Urk’s reagent 

32 


ultraviolet lightr^^ If fluorescein spi'ayed layers are then treated with 
bromine vapor, the fluorescein is converted to eosin except where 
unsaturated compounds were present. The result is that the unsat- 
urated compound shows up as a yellow spot on a pink background. 
It is best viewed in ultraviolet 

TRANSPARENCY METHODS 

If a developed layer is sprayed with or dipped into a liquid of the 
correct refractive index, the adsorbent and the compounds to be 
visualized will have relatively different transparencies and can be 
distinguished when held in a correct angle with respect to light. In 
this manner, spots or bands can be located without destruction and 
with great accuracy. The most commonly used system of this type is 
water on silica in which the bands or spots stand out as 

semiopaque areas on a translucent background. The method would 
obviously fail if the adsorbed materials were water soluble. 
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Figure 7.1. Gas flow counter with an extremely flat 
aperture plate (B) for measurement of weak ^-emitters 
on thin-layer chromatograms. The aperture plate is 
attached to the counter tube without projecting parts. 
Z = counter wire (SO ^ diameter). The measurements 
are given in mm. (Reproduced from Schulze and Wen- 
zel, Angew. Chem. Intern. Ed. Engl., 1, 580 (1962) 
through the courtesy of the authors and the publishers, 
Veiiag Chemie and Academic Press.) 


In a variation of this technique, Kaufmann, Makus and Khoe^®^' 
dipped Silica Gel G layers (which had been stabilized with dichloro- 
dimethylsilaiie) in a mixture of ethanol-'ivater (2 : 8) so that triglycer- 
ide spots became transparent. Hefendehh'^^ sprayed already visual- 
ized Silica Gel G layers with a parafhn-ether mixture (1:1). The 
paraffin-impregnated layers became transparent after being stored in 
a desiccator for a few hours and the colored spots were easier to pho- 
tograph. 


RADIOACTIVITY METHODS 

Chromatograms of radioactive compounds can be visualized by 
making X-ray The layers are directly exposed to '‘No- 

Screen Medical X-Ray Safety Film”^ for times varying from a few 
hours to a week. The films are developed with “Supermix Devel- 
oper''*^* for 4 to 6 min. and fixed for 30 min. with “Acid Fixer." 
These methods have been applied mostly to lipids, although radio- 
active halides have also been detected by radioactivity.^^ 

Schulze and WenzeP^® developed a method for continuous auto- 

* Eastman Kodak Company, Rochester 3, N.Y. 

** General Electric X-Ray Dept., Milwaukee 1 , Wise. 
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matic measurement of radioactivity distribution of weak /^-emitters 
on thin layers. Accurate measurements of and tritium-contain- 
ing compounds were made by passing the developed layer slowly 
under the aperture of the especially designed gas-flow counter shown 
in Figure 7.1.* The gas was methane. The method was also used for 
locating radioactive materials in preparative thin layer chromatog- 
raphy. 

BIOASSAY METHODS 

The developed chromatogram is covered with an agar plate con- 
taining an appropriate microorganism in good health. The spots 
which contain antibiotic inhibit the microorganisms and can 
thereby be detected. Thus, Nicolaus, Coronelli and Binaghi^'^^*^'^® 
located a number of penicillins, tetracyclines and rifomycins using 
Sarcina hitea and Bacillus subtilis in the presence of triphenyltetra- 
zolium salts. The sensitivity was 0.01 to O.ly. The macrolides have 
been determined^® using Bacillus subtilis as the revealing organism. 

^ A commercial model is available from Laboratorium Prof. Dr. Berthold, Wildbad 
(Schwarzwald) Germany. 




CHAPTER 8 

Documentation of Results 


INTRODUCTION 

Thin-layer chromatograms are normally too fragile for preserva- 
tion as such and several techniques have been devised for making a 
permanent record of them. In general, these are to trace them or 
draw them in a laboratory book, to photograph or photocopy them, 
or to imbed them in a paraffin layer or plastic film of some type. The 
latter two, more exact, documentation methods offer the additional 
advantage that the photograph or films can often be quantitized. 


PHOTOGRAPHY 

The most positive way to record thin-layer chromatograms is to 
photograph them.^®'^ 2 '^'^^^’ 223 , 262, 273, 328.352,416 ChromatogTams which are 
visible in normal light can be photographed with any available camera 
system. HefendehP^^ found that better pictures resulted when the 
chromatograms were made semitransparent after normal visualiza- 
tion procedures (see p. 104 ). 

Thin-layer chromatograms can also be copied with an office letter- 
copying device such as the “Zerox 914 ,”^^^® ‘Thotorapid^^^^^i 
“Copease” apparatus.f-^^ A process using a direct positive blueprint- 
ing paper, Driprint HC (F speed)J has been suggested.®^ In some 

* Manufactured by Zerox Corp., Rochester 5, N.Y. 

** Manufactured by Biirogerate, A, G., Zurich, Switzerland, Pronto model with Geva- 
copy paper GS, 8V^ X lUn. 

t Manufactured by Copease Corp., 425 Park Avenue, New York, N.Y. 

t E. Dietzgen Co., 407 10th Street, N.W., Washington, D.C. 
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the layer is covered with cellophane film before photog- 
raphy to protect both the layer and the photocopying apparatus. It 
has also been suggested^^® better copies will result if the spots 
are outlined with a stylus or even completely removed before dupli- 
cation. 

Sylvania F8T5/BLB, '"Blacklite” blue tubes^ and a yellow filter 
are recommended by Biirke and Bolliger^®^ hldick and white pho- 
tography in ultraviolet light, Lukas has made photographs in ultra- 
violet light using an ultraviolet filter, 223 and Hansbury, Langham and 
Ott^^^ have devised a method using a “Polaroid” system for the same 
purpose. 

The use of X-ray film for recording chromatograms of radioactive 
substances was discussed in Chapter 7 (p. 104). 


METHODS OF LAVER PRESERVATION 

Meinhard and HalP'*® pressed a piece of “Scotch” or cellophane 
tape on thin layers to remove a portion of the layer. The tape was 
then placed directly in a laboratory book. The applicability of this 
technique is governed by the visualization procedure and the spray 
reagents used. 

Mottier-^^’^^'^ and Machata^^*^ prepared semipermanent records of 
chromatograms by imbedding the layer in paraffin. In the case of un- 
bound adsorbents, paraffin is applied to the plate as though it were 
another developing solvent, that is, by dipping the lower part of the 
layer in the melted paraffin and allowing it to rise by capillary ac- 
tion.“®^’^®^ The bound layers are impregnated by dipping them in 
melted paraffin.^-'^ Semipermanent records can also be made by cover- 
ing the layer with another glass plate and thus preserving it as a 
sandwich between two plates.^^^*^'^- The sandwiches are sealed by 
taping them around the edges. 

A more permanent preparation can be made by imbedding the ad- 
sorbent layer in a plastic film which can be peeled off of the glass 
plates and preserved as such. This is accomplished by spraying the 
chromatogram with a 4 per cent collodion solution containing 7.5 

* Sylvania Electric Products, Inc., 500 5th Ave., New York, N.Y. 
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per cent glycerol/® aqueous dispersions containing 10 to 15 per cent 
o£ polyacrylic acid esters, polyvinylidene chloride and polyvinyl pro- 
pionate,^^® Fisher Label Glaze, or ''Neatan** (Brinkmann, see p, 
37). 

* Fisher Scientific Company, 633 Greenwich Street, New York, N.Y. 


CHAPTER 9 


Preparative Thin- Layer 
Chromatography 


INTRODUCTION 

The preparative separation of reasonable amounts of a mixture 
(10 to 1000 mg) on thin layers has been a relatively neglected aspect 
of thin-layer chromatography. The high capacities of the adsorbents 
(when used in adsorption chroinatogi^aphy), the high degrees of reso- 
lution obtained, and the over-all simplicity of the method make it a 
near ideal tool for the organic chemist. The technique itself involves 
the mechanical steps of normal thin-layer chromatography (Chapters 
2 to 8) with slight modifications. 

Thus, the layers are thicker (0.5 to 2 mm compared with 0.25 mm) 
than normal so that the maximum amount of material can be sepa- 
rated at once. The sample is not applied in spots but in a narrow band 
and developed in such a manner that the resolved components lie in 
bands. These bands are located by some nondestructive visualization 
technique; the adsorbent containing a single component is removed 
from the band area and the sample is removed from the adsorbent by 
elution with an appropriate solvent. Quantities ranging from 10 to 
250 mg can be separated on a single chromatogram by this technique 
and a number of chromatograms can conveniently be carried out si- 
multaneously. 

The development of this aspect of thin-layer chromatography has 
been severely hampered by the lack of methods for sample applica- 
tion and for the nondestructive visualization of the developed chro- 
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matogram. The sample must be applied in large quantities to a rela- 
tively thin band without undue destruction of the rather fragile 
layer. It now appears that satisfactory, tlioiigh not ideal, solutions 
have been found for these problems. 

At least two attempts have been made to apply the concepts of thin- 
layer chromatography to large-scale separations. These involve chro- 
matography in cast blocks or “chromatobars”^"*'^ of plaster-of-Paris- 
bound adsorbent and chromatography in horizontal cellophane tubes 
filled with adsorbents.®® A third similar technique is chromatogTaphy 
on layers of cellulose one inch thick packed between glass plates. 
While each of these methods has certainly been successful in itself, 
the author believes that they are generally more laborious and in- 
ferior to the technique outlined below. 

The various aspects of preparative thin-layer chromatography will 
be dealt with in the order and in the same manner as has been done 
in the preceding chapters for the general technique. Numerous ex- 
amples of preparative ^vork are cited as such in the tables of Chapter 
11 . 


ABSORBENTS 

Both bound and unbound adsorbents can be used with no special 
treatment other than perhaps a prepurification step (see pp. 1 9 and 48), 


PREPARATION OF LAYERS 

For the sake of convenience, most preparative thin-layer chroma- 
tography has been carried out on the usual square two-dimensional 
plates (20 x 20 cm or 8 X 8 in,). Larger plates could, of course, be 
used to separate larger quantities, but their use becomes awkward 
above this size and commercial apparatus is not available for prepara- 
tion of the layers. 

The adsorbent slurries have usually been made in the normal man- 
ner although Honegger suggests^^^ the use of somewhat less water 
and a little more binder for very thick layers (see Table 3.2). Ritter 
and Meyer®29 found the optimum layer thickness to be about 1 mm 
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although Honegger^^*® gives a somewhat wider range of 1 to 3 mm. 
The very thick layers tend to crack and there is an appreciable dif- 
ference between behavior on the open side of the layer and the side 
next to the glass. Layers up to 2 mm thick can be made with the ad- 
justable Stahl applicator (see p. 37) and layers up to 5 mm thick 
can be made with the Camag apparatus (see p. 36).^^® 

The layers are best allowed to dry at room temperature for several 
hours before final activation. This prevents casehardening and sub- 
seciuent cracking. It is further recommended that, as the original 
Desaga instructions suggest, the layers be dried in a vertical posi- 
tion rather than horizontal. 

SAMPLE APPLICATION 

Sample application is made by applying the sample, in an appro- 
priate solvent, in a thin band about 2 cm from one edge of the layer. 
A smooth application can be effected using the mechanical devices 
of Morgan“"“'^ or of Ritter and Meyer^^^ as discussed in Chapter 4. 
Alternately, the sample can be applied from a syringe moved man- 
ually along the layer. The operation is best carried out on a heated 
metal block--''* '^-'^ to evaporate the solvent. Honegger^-”’^ applied the 
sample in a V-shaped trough cut in the layer. 

The amount of sample applied will depend upon the specific mix- 
ture to be separated, the adsorbent involved and upon the type of 
chromatography. Much larger samples can be separated by adsorp- 
tion than by partition chromatography. Mangold states^*^^ that up 
to 50 mg can be separated by adsorption chromatography on a layer 
of Morgan-”® or of Ritter and Meyer®^‘^ as discussed in Chapter 4. 
Meyer®^^ separated 75 mg on a plate of the same size with a 1-mm- 
thick layer. Honegger states^^'® that 5 to 25 mg can be separated on 
such a 1-mm layer and Cerny, Joska and Labler*^^ separated 20 to 100 
mg of steroids on a layer of unbound alumina 20 X 10 cm and 1 mni 
thick. The author considers it '‘safe’' to apply 50 mg of any mixture 
to a layer 20 x 20 cm and 1 mm thick and has applied as much as 
300 mg of an easily separated mixture. For partition chromatog- 
raphy, only about one-tenth of these sample sizes should be used. 
Mangold^®- suggests 5 mg on a 20 X 20 cm layer 0.25 mm thick. 
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CHOICE OF DEVELOPBIENT SOLVENTS 

The solvents for preparative chromatography are the same as those 
used for normal thin layers. 

DEVELOPMENT 

The development of preparative chromatograms is carried out in 
the normal way with the following precautions. If several chromato- 
grams are developed simultaneously, special care must be taken to 
saturate the chamber. The author prefers to develop such chromato- 
grams with adsorbent turned toward the chamber wall and close to, 
but not touching, a layer of filter paper on the wall. If several chro- 
matograms are to be developed in sequence in the same chamber, it 
should be remembered that thick layers remove more solvent tlian 
thin layers and the composition of the solvent may cluange appre- 
ciably. 

All of the tricks of development discussed in Chapter 6 except 
those involving two-dimensional chromatography are applicable. 
Multiple-step and continuous development are particularly useful. 

VISUALIZATION 

In the ideal case, the bands on a developed chromatogram will be 
colored or can be seen in ultraviolet light. Bands containing con- 
jugated double-bond systems can be located by using an adsorbent 
containing phosphors or a fluorescent additive as discussed in Chap- 
ter 2 (p. 21). Sometimes, small amounts of fluorescent or colored 
impurities will be present in a sample which will allow the orienta- 
tion of a preparative plate with respect to a small plate (preferably 
with the same layer thickness) which has been visualized in a normal 
destructive manner. Schulze and Wenzel^^^ used their gas-flow counter 
to find bands of compounds containing C^^ and tritium labels. 

Mistryukov-'"’^ describes the use of “paper prints” to locate zones. 
Narrow paper strips (5 to 6 mm) are moistened and pressed against 
an unbound layer. After removal, the strips contain a layer of adsorb- 
ent and can be visualized with any spray reagent. 

Iodine appears to be a good visualization reagent for most lipids^^^ 
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since it does not affect them appreciably. Glitter and Albers^^® have 
located steroids and other types of compounds by spraying the layer 
with water as discussed in Chapter 7 (p. 103). When ail of these 
methods fail, an edge spray technique can be used. The preparative 
layer is covered with a glass plate except for 2 to 3 cm along one ver- 
tical edge and a line of adsorbent is scraped off along the edge of the 
cover plate to isolate the narrow edge strip/^^^ The edge is then 
sprayed with an appropriate reagent, and the results are extrapolated 
across the others 


ELUTION OF COMPOUNDS 

Most workers simply scrape the adsorbent containing the desired 
components from the glass plate with a spatula and elute it with an ap^ 
propriate solvent. However, this is difficult when using unbound 
layers and two gadgets have been devised for the purpose. Both op- 
erate on the vacuum cleaner principle. The first, as shown in Figure 
9.1, is a piece of glass tubing with a constriction and holds a cotton 
wad to catch the adsorbent. It was devised by Mottier^®'^*^®^ and has 
the advantage that it can be used as an elution tube and no sample 
is lost in transfer. The Ritter and Meyer apparatus, as shown in 
Figure 9.2, is more suitable for large quantities. The adsorbent is 
sucked into a Soxhlet extractor thimble from which it is eluted by 
extraction. 
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Figure 9.1. Mottier gadget for removing adsorbent 
from a thin layer, (Reproduced from Mottier, Mitt, 
Gehiete Lebensm. Hyg,y4t% 454 (1958) through the cour- 
tesy of the author and the Eidgenoessiche Drucksachen 
und Materiaizentrale, Bern, Switzerland.) 
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Figure 9.2. Ritter and Meyer apparatus for removing adsorbent from a thin layer, 
(Reproduced from Ritter and Meyer, Nature, 193, 941 (1962) through the courtesy 
of the authors and Macmillan and Co., Ltd.) 


PATH OF 
REFRIGERANT 


Figure 9.3. The apparatus of Baehler for direct sublima- 
tion out of thin layers. A refrigerant is passed through the me- 
tallic block (F) which rests on cover plate (D). The 1 mm spacer 
separates the cover plate from plate (C) which bears the thin 
layer. Block A is a piece of metal containing a thermometer 
which is heated by burners (B). (Reproduced from Baehler, 
Helv. Chim. Acta, 45, 309 (1962) through the courtesy of the 
author and Verlag Helvetica Chimica Acta, Basel, Switzerland.) 
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The ideal elution solvent is one which moves the sample with the 
solvent front on a thin layer.^«^’ Aqueous eluents cannot be used with 
plaster-of-Paris-bound adsorbents because they will dissolve appre- 
ciable amounts of calcium sulfate. It is essentially impossible to avoid 
the solution of small amounts of silica gel in any eluting solvent If 
the eluent is evaporated to dryness and taken up in a fresh solvent, 
preferably less polar than the original, most of the adsorbent will re- 
main on the sides of the flask. 

Sometimes, the substances on a chromatogi-am can be removed by 
direct sublimation to a cooled plate held about 1 mm over the ad- 
sorbent layer. Baehleri® used the apparatus shown in Figure 9.3 for 
the visualization of chromatograms by sublimation, but the principle 
is mentioned for the purpose of isolation by Ener (as reported by 
Mangold^^^). ^ 



CHAPTER 10 

Quantitative Thin- Layer 
Chromatography 


INTRODUCTION 

Quantitative evaluation of thin-layer chromatograms can be di- 
vided into two general categories. In the first, the mixture compo- 
nents are assayed on the thin layer while in the second, they are 
eluted from the adsorbent before being measured. Either technique 
can be used with about 5 per cent error or, in ideal cases, about 3 
per cent error. 

The assay on the layer can be carried out by measuring the spot 
area, or the spot area and density on a developed and visualized chro- 
matogram. These values are then related to the amount of substance 
in the spots through the use of standards or calibration curves. Spot 
size or density can also be measured on photocopies or photographs 
of visualized chromatograms and i^elated to substance amounts. Fi- 
nally, the assay can be carried out visually^^^ by measuring the mini- 
mum visable amount of the standard on a chromatogram and making- 
successive dilutions of an unknown solution until this minimum 
value is reached. The major advantages of these techniques are their 
simplicity and the fact that the chromatogimns can be visualized with 
destructive spray reagents. 

The elution of substances from the adsorbent introduces several 
sources of error which will be discussed. A spectrophotometric or col- 
orimetric method must be available for the assay of the eluted com- 
pounds since the simple weighing of eluted samples gives poor re- 
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sults.^^^ The elution technique has been used more extensively than 
the layer assay method. 

ANALYSIS ON THIN LAYERS 

Spot Area 

This type of determination is based upon the fact that there is a 
mathematical relationship between the spot area for a given sub- 
stance and the weight of the substance contained in the spot. The 
method involves only a small number of mechanical operations and 
is widely applicable.2^^'2®®»*^^^'‘^^^’^2^»'^^^-354 

There has, however, been some controversy over the type of math- 
ematical relationship existing between these quantities. In fact, 
StahP'^^ questioned the existence of any precise relation at all. Seher 
353,354 ignored the mathematics and obtained results with only 5 per 
cent error using calibration curves obtained by plotting spot area 
(from photostats) against weight. The calibration curves were not 
straight lines. Brenner and Niederwieser"^^ and Pastuska and Petro- 
witz^'^^ obtained a linear relationship by plotting the logarithm of the 
weight of sample against spot area. This agrees with Giddings and 
Kellei',^“^ who derived such a relationship for paper chromatography 
from theoretical considerations. The most thorough and successful 
study of this technique was made by Purdy and Truter,'^^^’^^^ who 
found a linear relationship between the logarithm of the weight of 
a substance and the square root of the spot area. These authors noted, 
however, that a reasonably linear relationship resulted when the spot 
area or the logarithm of the spot area was used rather than its square 
root. 

Purdy and Truter explored three general methods of analysis based 
upon spot size. Using quantities ranging from 1 to lOOy, they carried 
out analyses for potassium and magnesium ions, hexadecanol, choles- 
terol, palmitic acid, cholesteryl laurate and phenylazo-2-naphthol. 
Both adsorption and partition chromatography were involved. In 
all cases, it was necessary to have a pure sample of the substance in 
question for use as a standard. 

The Graphical Method of Purdy and Truter. This method is simi- 
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lar to that of the technique, that is, it is based upon the 

preparation of a calibration curve by plotting spot area against 
weight with no regard to linearity. A standard deviation of 4.3 per 
cent (25 observations) was obtained and the major error was ascribed 
to the difficulty of duplicating conditions on the calibration chromato- 
grams and the analysis chromatograms. In contrast, the second and 
third methods are algebraic and depend upon the linear relationship 
between log W and VA. 

First Algebraic Method of Purdy and Truter. In this method, a 
standard solution of the compound to be assayed is spotted on the 
layer with a solution of the unknown and a solution prepared by pre- 
cise dilution of the unknown. The chromatogram is developed and 
visualized and the spot areas are determined. The results are calcu- 
lated using Equation (1) where W and A are the weight and spot area 
of the unknown, Ws and Ag are the weight and area of the standard, 
Aiis the area of the diluted unknown spot and d is the dilution fac- 
ing W = log Wg + log d ( 1 ) 

tor. In essence, the unknown and its diluted sample establish the 
slope of the straight line used for the analysis and the standard es- 
tablishes its intercepts. This method is the most accurate of the three, 
and yielded standard deviations of 2.7 per cent (540 observations) for 
adsorption chromatogTaphy and 3.6 per cent (982 observations) for 
partition chromatogTaphy. 

Second Algebraic Method of Purdy and Truter. This method re- 
quires a pure sample of the substance to be assayed rather than a 
standard solution. The unknown solution is diluted in a precise man- 
ner and the diluted solution is divided into two portions. A known 
amount of the pure substance is added to one of the diluted samples 
and all three solutions are spotted on the same chromatogram. The 
chromatogram is developed and visualized; the spot areas are deter- 
mined and the results are calculated using Equation (2). In this case, 

, fWd + a\ /a/ZI — \/a\ 1 , /V 

W and A are the weight and spot area of the unknown; Ai and A + 
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are the spot areas of the diluted sample and the diluted sjample con- 
taining added substance, respectively; a is the amount of pure sub- 
stance added to the diluted unknown and d is the dilution factor. 
This method is somewhat less accurate and yielded standard devia- 
tions of 3.9 per cent (374 observations) for adsorption chromatog- 
raphy and 3.9 per cent (982 observations) for partition chroma- 
tography. 

Purdy and Truter found that it was necessary to spot the same vol- 
ume of each solution on a single chromatogram. They used an Agla 
micrometer syringe suspended 2 mm above the thin layer for this 
purpose. The appropriate sample was squeezed out of the syringe and 
transferred to the layer by raising the layer until it contacted the 
solvent drop on the syringe. Chloroform was found to be an unsatis- 
factory spotting solvent. The chromatograms were developed in the 
usual manner and those containing colorless compounds were visual- 
ized by spraying with cone, sulfuric acid and charring at 160° for 10 
minutes. The areas were determined by laying a sheet of transparent 
paper on the chromatograms, tracing the outline of the spots and 
measuring the areas of the figures by superimposing the tracing on 
millimeter graph paper. 

In a related method, Eble and Brooker®^ measured the length of 
the streaks (actually the distance between the origin and the zone 
front) formed when tryptamine was chromatographed on Kieselguhr 
G with acetone-water (99:1). The method gave results that were re- 
producible to about 5 per cent. 

Spot Area and Density 

The size and intensity of spots formed by the acid spray and char- 
ring of a chromatogram provide a satisfactory basis for quantitative 
evaluation.^^^”^^®'^'^^^ The method has an advantage in that the den- 
sities of the spots can be measured on a densitometer. 

Additional variants are added, however,- with respect to the spot- 
area methods discussed above. These are the carbon density of a 
given compound, its volatility and whether it chars in a uniform man- 
ner. These disadvantages can largely be nullified by the judicious use 
of internal standards and calibration curves**^^® and results can be 
obtained with about 5 per cent error. 
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Before spotting, the thin layer, either the standard size of 5 X 20 
cm3io,3n oj. microscope slide size,-*^^ is scanned in the densitometer to 
determine the degree and the unifonnity of the background density. 
The chromatograms are then spotted, using a micropipette or micro- 
syringe, with the sample containing the substance to be assayed. The 
chromatogram is developed, sprayed with 50 per cent sulfuric acid 
or 25 per cent perchloric acid and charred in an oven. It is then 
scanned by passing it through a densitometer and the amount of un- 
known substance is calculated using an appropriate calibration curve. 
The densitometers which have been used are the Photovolt* models 
52C and 521 A with a stage attached for semiautomatic plotting of 
curves for the standard size layers^^®*'"^^^ and the Photovolt model 501 A 
with transmission density unit no. 52 for the microchromatoplates.^^® 
The slit sizes were 1x5 mm for standard size and 1x3 mm for 
microsize. Glycerides^^^’^^^ and cholesteroP^® have been analyzed by 
this technique. 

Spot Area and Density on Photostats or Photographs 

The spot area has been determined from photostats of thin-layer 
chromatograms and used as a quantitative measurement by Kam- 
mereck (as reported in Mangold^^^) and by Seher.^*^^-^^'^ The error was 
about 5 per cent. 

Neubauer and Mothes^*^^ photographed chromatograms of opium 
alkaloid mixtures and cut the photographs into strips which were 
passed through a densitometer. HefendehP^^ made chromatograms 
transparent (see p. 104), photographed them and measured the den- 
sity of the photographs against a calibration curve. He obtained re- 
sults with about 5 per cent error in the analysis of menthofuran in 
an essential oil. Rybicka-^^^ followed the glycerolysis of linseed oil by 
this method and was able to determine the optimum reaction condi- 
tions by finding the concentrations of the glycerides at timed inter- 
vals. 

Minimum Spot Visibility 

In this technique, a standard solution of the substance to be as^ 
sayed is successively diluted and each dilution is chromatographed un- 

* Photovolt Corp., 95 Madison Avenue, New York, N.Y. A commercial densitometer, 
especially designed for thin-layer work, is now available from Photovolt. 
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til the minimum visible amount is determined. This will, o£ course, 
depend upon the visualization method and the eye of the analyst 
and will vary from one compound to another. The unknown solu- 
tion is then successively diluted and chromatographed until the 
minimum visible amount is determined. Knowing the dilution fac- 
tor of the unknown and the minimum value, the amount of un- 
known in the original sample can be calculated. The average error 
for nineteen samples was 11.3 per cent. 

Using a similar method, Waldi has carried out analyses for preg- 
nandiol in urine as an early test for pregnancy*^^^^’^'^^ and for adrenal- 
ine (as its triacetyl derivative^^*^) in adrenal extracts. He chromato- 
graphed the solution containing the material to be assayed on the 
same layer with a series of standard known concentrations and esti- 
mated the concentration of the unknown by comparison. 

ANALYSIS AFTER ELUTION 
Analysis by Spectrophotometry 

Those compounds which possess a visible or ultraviolet spectrum 
are conveniently assayed in the following manner. After develop- 
ment of the chromatogram, the spot of adsorbent containing the sub- 
stance to be analyzed is quantiatively removed; the substance is 
eluted with an appropriate solvent and assayed in a spectrophotome- 
ter, Thus, the spectroscopic properties of such compounds provide 
both a means of locating the spots on a developed chromatogram and 
a means of quantification. Substances which contain ultraviolet chro- 
mophores are more easily observed on phosphor-containing adsorb- 
ents (p. 21). 

The methods involving elution contain several more sources of 
error than those in which compounds are assayed on the thin layers. 
First, the spots on the chromatogxam must be located. This, however, 
is a minor problem when the substances have visible or ultraviolet 
chromophores. Second, the adsorbent containing the substance to be 
assayed must be completely removed from the glass support plate. 
Finally, the substance must be completely removed from the adsorb- 
ent before it is measured. 

It has been suggested^®^*^^^’^®® that the thin layers be prewashed 
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before being used for this type of analysis. This is carried out by 
allowing solvent to ascend (or descend) through the layers, peiiiaps 
in an apparatus similar to that shown in Chapter 3 (p. 49). The 
chromatogram is then spotted with a precise amount of substance to 
be separated and developed in a normal manner. The spots are lo- 
cated by viewing them in an appropriate light and the adsorbent 
containing the compound to be assayed is removed, normally with 
a razor blade. The compound is eluted from the adsorbent with a 
sufficiently polar solvent (one which will move the sample to the 
solvent front of a chromatogram) and measured in a spectrophotome- 
ter. The gadget described by Mottier-^^^ (Figure 9.1) could Tvell be 
used in this technique since it provides both a method for the re- 
moval of adsorbent from the glass plate and an elution tube, thus 
minimizing transfer losses. The method requires the preparation of 
a calibration curve and compounds which follow Beer's law. It is 
also necessary to make “blank” readings on the adsorbent, preferably 
on adsorbent which has been developed in a thin layer and is re- 
moved from a point on the layer comparable to the one containing 
the sample to be assayed. 

Normally, the method gives results with an error of 3 to 5 per cent, 
ft was first used for the assay of biphenyl in citrus fruits (2.8 per cent 
and has since been used for analysis of reserpine (about 5 
per cent error ^^^), coumestrol (5 per cent error^^^), menthyl salicyl- 
ate,^®^ estrogens (standard deviation, 10 per ceiit®^'^), alkaloids (5 per 
cent error^^^), bile acids (standard deviation, 3 per cent^^‘"), and p- 
hydroxybenzoic acid esters (3 per cent error^^®). Quinine alkaloids^'^ 
and 7-geranoxycoumariiTi'^ have been eluted and determined by fluo- 
rescence methods. 

Analysis by Colorimetry 

This technique is almost identical with the spectroscopic method 
described above except that a color-producing reagent is added to the 
sample before it is measured in the spectrophotometer. It is subject 
to the same disadvantages, although the location of the substances on 
the developed chromatogram is now a major problem. In general, the 
same nondestructive visualization techniques that are discussed in 
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Chapter 9 (p. 112) for preparative chromatography are applicable 
for the location of the spots to be eluted. 

The method generally gives results with about 5 per cent error. It 
has been used for the analysis of esters (about 5 per cent error^^®), 
pregnanetriols (about 10 per cent error^*'^^), citral (2 per cent error*^®^), 
coumarin compounds^^^® and plasma phospholipids (about 5 per cent 
error^^'^). Further, the method has been successfully applied to the 
assay of carbohydratesd^^*-®^ steroids, and 
meprobamate. 

RADIOACTIVITY METHODS 

Analysis techniques which depend upon radioactivity require prior 
labeling of the compounds to be analyzed. The chromatograms are 
spotted and developed in the usual way and have been evaluated by 
three methods. The first method is to make autoradiographs'^^^ 
as described in Chapter 8 (p. 104) and to evaluate them using a den- 
sitometer and calibration curve. The second method^*^^^^ is to locate 
the spots by such an autoradiograph or by nondestructive spray re- 
agents and to elute the sample and measure it in a conventional 
counter. Scintillator solutions have been used'""^’^'^®’*^®^ to aid the count- 
ing. Finally, Schulze and Wenzeb^^^ used a gas-flow counter (Figure 
7.1) for the assay of C^'^ and tritium labeled compounds with about 
3 per cent error. 

The application of labeling techniques to lipids has been thor- 
oughly discussed by Mangold.^^^--'^ 



CHAPTER 11 


Specific Applications of Thin- 
Layer Chromatography 


INTRODUCTION 

This chapter will contain, in a tabular form, the majority of the 
specific applications of thin-layer chromatography which were re- 
corded prior to January 1, 1963. Specific Rf values will not be given 
because of their notorious inconstancy on thin layers and because 
they are too numerous. It is hoped that this chapter will seiwe at least 
two purposes. 

First, it will provide a general idea of the types of compounds 
which have been chromatographed on thin layers and, to some ex- 
tent, the conditions of the separation. It would be hazardous, how- 
ever, to assume that this compilation is complete because chromato- 
graphic conditions are usually incidental to a piece of research and 
are frequently buried in the experimental description. 

Second, it will provide some idea of the adsorbents, solvents and 
visualization techniques which are commonly used in a given area 
or with a given class of compounds. In many cases, the same group 
of compounds has been treated in more than one fashion and the 
reader can choose the one which best suits his facilities and inclina- 
tions. 

The numerous blank spaces in the tables are due to the failure of 
the original author to give specific details or to the present author's 
inability to obtain or translate the original atricle. In either case, 
they are given to make the compilation as complete as possible. 
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In many cases, a single reference will give details of several sepa- 
rate experiments such as the use of two adsorbents, the use of two 
techniques or the separation of two distinct groups of compounds. 
In other cases, two papers will report different aspects of the same 
experiments. This has been shown, well as possible, by a system of 
partial lines. On occasion, a dotted line is used. This means that the 
regions on the ends of the dotted line are related and divided as 
shown but that the category crossed by the dotted line is the same 
for both experiments. 

(EXPLANATION OF TABLES 11.1 TO 1L2S) 
Compounds 

The various applications have, first of all, been arranged according 
to the class of compounds involved. This has been somewhat arbitrary 
at times and considerable overlapping could not be avoided. This is 
particularly serious between the sections devoted to amines, alkaloids 
and drugs and pharmaceuticals and between the essential oils and the 
terpenoids. In most cases, the applications are cross-referenced and 
the same example is reported in two places when it involves com- 
pounds falling in two classes. When the number of compounds in a 
specific entry is small, they are given by name. Otherwise, collective 
terms are used. 

Within a given class, an attempt has been made to group the ap- 
plications as much as possible according to the compounds involved. 
In most cases, the large comprehensive papers are given first and the 
others follow. The papers which came to the author's attention after 
the tables were first prepared, however, are given at the end of each 
section. The 2,4-DNPH's referred to in several cases mean the 2,4- 
dinitrophenylhydrazones. 

Adsorbent 

The adsorbent is given as a specific industrial product when it is 
reported as such in the original paper and when it is especially pre- 
pared for thin-layer chromatography. When a specific product is not 
named, it is implied that the original authors prepared their own ad- 
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sorbent and the reader is referred to Chapter 2* In most cases where 
partition chromatography is involved, the adsorbent is equili- 
brated with the developing solution or some of its components. This 
is generally noted. 

The various materials which have been incorporated into the ad- 
sorbent for one reason or another are given in the tables, but without 
details. The reader is referred to Chapter 2. 

Developer 

The solvents used for development are given as such except when 
the article gives a very large number. In these cases, a selected few 
are given, and the number not listed is mentioned in the last item. 
Unless noted, the different solutions represent separate experiments 
and are not successive. 

The proportions of the various solvent mixtures, unless noted, are 
volume-volume. The abbreviations listed on p. 87 have been used to 
conserve space. Otherwise, the names or, sometimes, the formulas 
(CCI 4 , CHCI3 , HoO, etc.) are used. 

Visualization 

For the sake of brevity, only the names of the spray or visualization 
reagents are given. The reader is referred to the alphabetical listing 
in Chapter 7 for exact details. Two abbreviations are used in this 
section; 2^4-DNPH for 2 ^ 4-dinitrophenylhydrazine and U.V. for ul- 
traviolet visualization. 

Comments 

The author has tried to give the basic purpose of the chromatog- 
raphy in each case and has, on occasion, added notes about especially 
interesting applications. 
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Table 11.4. Carbohydrates, Glycosides and Their Derivatives 
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Siiica Gel G buff- b. BuOH-acetone-H«0 (4:5:1) chromatograms 

ered with boric acid c. PrOH-EtOAc-HsO (7:2:1) 

d. methyl ethyl ketone-HOAc- 
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Table 11.5. Carboxylic Acids and Their Derivatives (Exclusive of Fatty Acids) 


138 


Thin-Layer Chromatography 



CO 

<N 



in CO o 

36 

CO 

CO 

CO 

C?l 

CO 


CM 

'Tj' 

o 

CO 


CO 

^ (N (M 


CM 

xn 








w 


ll 

a 

Hi 

o 

•S 

o 

.a 


_o 




i ‘x 

§ 

§ 

a 

o 

a 

0 

fl 


0 

c 


a 

a 


to. 2 

.2 c 

U 

to 


to 

to 

Rj 


to 

.2 


Rj 


’X3 n 




’'B 





cr 


c5 d 























a 

,S 

1 

"TS 


V .y 

D ij 

3 -£3 
"o -S 

a 

V 

v 

V. 

to 

3 

"0 

u 

u 

S ^ 







■> 

6 

u > 

Xi '' 

0, 

d (U 

i fS 

s 

a 

o 

0 0 
a « 

g ffi 


> 


> 





(1 

Ji 

(h 

XI 



P 


P 










o 








lO 


o 

< 

J. ‘H 

O 






CO <N 

lO 

(M 

d 


9 ^ 





K 


•n e 
^ 0. 

< < 

§§ 

X 

0 

e5 

IS 

0 ^ 

i 

y 

C 


P V. 

i 2 

1^’ 

? S 

-«-amyl alc< 
id (40:50:1. 

CM 


CO 

> 

p 

SI 

u 

0 i 

ffi 

3 

w 

0 g 

s 1 

G S 

V (U 

N N 

a c 

« 4J 

J3 

§2 

!2 o 1 

CJ5 o 

X S 
9 w 

p g 

0 

ffi 

«u 

c 

Rj 

w 

y 

rG 

6 

< 

0 


, «-amyl alcohol 
HOAc-HaO (60: 

0 o 

< R$ 

O w 

1 u 
•0 .2 
c \ 

B ^ 

9 2 
« w 

d 

< 

0 

i 

a 

rt 

G 

u 


. MeOH 
. EtOH 
, EtOEt 

. GGU-MeOH (7: 
, six others 


o 

« J2 

rt 

w 


rt 

j6 

a 


ci Xi u '0 o 






4 0 

g 


2 

« 


e 

o 

0 

0 

0 

o ' 

Si 

< 

ta ^ 

3 d 

*0 73 

G 0 

5 73 

0 « ^ 

.Q Dh ^ 

ylonitrile- 
» (8:4) 

3 

•ti ^ 

o 0 

of 

§ 

y 

G 

rt 

1 

1 

« 

"o 

< 

T3 

O 

« 

.H 

73 

O 

Bl 

U 

7j 

0 

rt 

O ' 
« 

.y i 

t) 

-0 

0 , s. 

= y CM 

t> y -< 

J2 in 

3 73 • 

toQ S 

a. ^ 

3 G 

o ti 

•| ^ 

d 1 

' 

abound 

powder 


CO 

cJ5 

W 



rt 

d 

OT 

«. : 

3 


a 2 


a 





rs 

§ 3 

2 

o 


1 S 


rt 

.y 




n 

15 

o 

T3 

CD TJ 

IH 

3- 

1 




O 

^ s 


n 

a 

a 

1 

,6-Dimethyl -2, 
dienedioic aci 
brand t’s acid) 

’S 

« 

0 

1 

0 

Xi 

RS 

_o 

larboxylic acids 
monium salts) 

lethoxy-pipero] 

acids 

henoHc acids 

Tomalic acids 


*o 

N 

c 

.o 

-TJ ^ 

ll’s 

hthalates, phi 
and other a 
plasticizers 

■x) 

a 

a 

3 

*y 

eO 

.2 

3 



P 



Ph 




Di 

O 


- 

OI 

« 


m 

{£) 

t>. 

CO 

CD 



Dicarboxylic acids (from Kieselguhr G-Polyethyl- isopropyl ether-formic acid -H 2 O bromcresol purple diagnostic 200 

oxalic to sebacic) and ene glycol (M-1000) (90: 7; 3) 201 


Specific Applications of Thin-Layer Chromatography 


139 




Table 11.6. Drugs and Pharmaceuticals 
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Fifteen sterols and a. Silica Gel G a. cyclohcxane-EtOAc-HaO (600:400: 1) 50%H2SO4 diagnostic 

sterol derivatives (1560:440:1) 

b. isooctane-CCU (19:1) 
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EtOEt 

EtOEt-EtOH (98:2) 


Table 11.21 — Cont. 
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Isophytoi and geranyi- starch-bound silica hexane-EtOAc (85: 15) diagnostic 
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Table 11 . 23 . Miscellaneous 
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Polycyclic aromatics acetylated cellulose pow- MeOH-EtOEt-HaO (4; 4; 1) fluorescein diagnostic 
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cone from glycosides 
of Sc’lanum duicamara 
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Acetoxymercurymethoxy derivatives, 157 
Acidity of adsorbents, 15 
Acids 

carboxylic, 138 
in developing solvents, 65 
in thin layers, 14 
Activation of thin layers, 46 
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to developing solvents, 65 
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Adrenaline, 182 
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Adsorbent 
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relation to /?/, 80 
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slurries, 34, 35 
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in preparative chromatography, 110 
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conditions for, 17 
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quantitative assay, 122 
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Ammonium sulfate buffer, 22 
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199 


200 


Index 


Applied Science Laboratories, 40 
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in developing solvents, 65 
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Biphenyl, 122, 180 

Blueprint paper for documentation, 106 
Borax in kieselguhr layers, 24 
Boric acid 

as complexing agent, 48 
buffer, 22 

Brinkmann Instruments, 28 
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Bromine 
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droxyl-apatite 
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Camag, A. G., 36 
Camphor, visualization, 85 
Capacity of various adsorbents, 15 
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Carbohydrates, 134 
decomposition, 16 
Carbon^'* 

in preparative chromatography, 112 
quantitative assay, 123 
visualization, 105 

Carbon density in quantitative TLC, 119 
Carboxylic acids, 138, 155 
Cavdinolides, 173 
Carotenoids, 27, H2, 176, 178 
Case hardening, prevention during layer 
drying, 46, 47 
“Celite," 26 
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Cellophane tubes, chromatography in, 110 
Cellulose ion-exchauge powders, 25 
Cellulose powder, 24 
commercial sources, 28, 29 
comparison with paper, 25 
impregnated with formumide, 24 
layers on microchromatoplates, 46 
mixed with “Dowex” resins, 25 
iionbound, 25 
with plaster of Paris, 25 
Cephalins, 161 
Cerebron sulfate, 161 
Chamazulene dyes, 181 
Chamber saturation 
effect on development time, 81 
effect on Rf, 81 
Chambers, development, 83 
Chemical reactions on thin layers, 57-60 
Chlorinated compounds, 151 
Chloroform -adsorbent slurries, 41, 46 
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esters, 156, 157, 172 
quantitative assay, 117, 120 
Chromatobars, 110 
Chromatoplate chromatography, 4, 5 
Ghromatostrip chromatography, 4, 5, 32 
descending development, 68, 69 
Circular chromatography, 70 
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Citric acid-phosphate bidler, 22 
Classification systems, 13 
Cleaning glass plates, 33 
“Clinco” starch, 20, 36 
Clinton Foods, Inc., 20 
Collodion 
as binder, 16, 25 
for preserving layers, 107 
Colorimetric methods in quantitative 
TLC, 122 

Column chromatography, 3, 9 
analysis of effluent, 1 1 
short columns, 10 
solvent prediction, 5, 10, 11 
Complex development systems, effect on 
i?/, 81 

Complexing agents 
in adsorbents, 22, 24 
sprayed on layers, 48 

Conjugated double bonds, visualization, 
87 

Consolidated Laboratories, Inc., 38 
Continuous development 
descending technique, 69, 76 
horizontal, 76, 78, 79 
preparative chromatography, 112 
Gopease Corp., 106 
Corn starch as binder, 20 
Corrosive spray reagents, 85 
Coumarins, 123, 148 
Coumestrol, 122, 148 

Counter for radioactive visualization, 104, 
105 

Countercurrent distribution, 3 
Cracking in thick layers, 46, 111 
Cyanocobalamine, 178 

BEAE-cellulose, 25, 29, 65 
^‘DEAE-Sephadex,” 26 
Decalin, as binder, 16, 65 
Decane impregnation of layers, 50 
Decomposition on thin layers, 16, 23 
Dehydration reactions, 59 
Densitometry, 119 

Density measurements on photographs, 120 
Desaga, C., G.m.b.H., 37 
Descending development 
chromatostrips, 68, 69 
continuous, 69, 76 


on unbound layers, 70 
on wide plates, 70 
Deutsch Pharmacia, G.m.b.H., 29 
Developer, definition, 2 
Developing solvents 
additives, 65 

in adsorption chromatography, 61 
choice of, 62 

containing bromine, 58, 59 
containing oxidizing reagents, 58, 59 
for partition chromatography, 63 
simplicity, 63 
Development 
ascending, 67 
chambers, 83 

continuous, 76, see also Continuous de- 
velopment 
definition, 2 

descending, 68, see also Descending de- 
velopment 
direction, 40 

discontinuous, 71, see also Discontinuous 
development 

electrophoresis, 79, see also Electrophore- 
sis 

horizontal, 70, see also Florizontal devel- 
opment 

normal distance, 67 
of non bound layers, 67, 69 
plate holders, 67 
preparative chromatograms, 112 
simultaneous, of several layers, 67 
sliding layers, 67 

time, effect of chamber saturation, 81 
Diagnostic chromatography, 1 
layer thickness, 32 
sample application, 52, 53 
Diatomaceous earth, see Kieselguhr 
Dicalcium phosphate layers, 15 
Dicarbonyl compounds, 128 
Dichlorodimethylsilane, as binder, 16,86 
Dietzgen, E., and Co., 106 
3,5-Dinitrobenzoates of alcohols, 164 
N-(2,4-Dinitrophenyl)amino acids, 167 
2 , 4-Din i troph eny 1 hydrazones 
of aldehydes and ketones, 129 
of sugars, 135 
on two adsorbents, 76 
Diphenyl, 180 
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Discontinuous development 
gradient elution, 74 
in shaped areas, 74 
multiple pass, 7l 
single pass, 71 
stepwise, 72 
two-dimensional, 74 

Disodium phosphate-monopotassium phos- 
phate buffer, 22 
Documentation, 106 
by imbedding in film, 107 
by photography, 106 
with transparent tape, 107 
Dow Chemical Co., 29 
‘'Dowex'’ resins, 25, 29, 65 
with Cellulose Powder MN 300G, 25 
Drugs, 140 
Drying of layers, 46 
for preparative chromatography, 111 
Drying rack for thin layers, 48 
Dry powder thin layers, 46 
Duncan side strips, 41 , 45 
Dye system, standard Stahl-Desaga, 82 
Dyes, 79, 142 

Eastman Kodak Co., 104 
ECTEOLA-Celiulose, 25, 29, 65 
Edge effect, 81 

Edge spray for zone location, 113 
Electrophoresis, 22, 79 
Eluent, definition, 2 
Eluotropic solvent series, 61, 62 
Elution of compounds in preparative chro- 
matography, 113, 115 

Elution tube, Mottier, for preparative 
chromatography, 1 1 3 
Enzymes, 74, 168 
Eosin, formation on layers, 103 
Equilibration of layers, 67 
Essential oils, 27, 143 
terpeneless, 10 
with various adsorbents, 15 
Esters, 138, 155, 181 
Estrogens, 122, 169 
classification system, 13 
Ethyl acetate-adsorbent slurries, 36, 41 
Excorn a O.H.G., 29 


Farbenfabriken Bayer, 29 
Farbewerke Hoecht, A.G., 29 
Fatty acid esters, 26, 155 
Fatty acids, 26, 155 

acetoxymercurymethoxy derivatives, 157 
Ferric ion in Silica Gel G, removal, 19 
Fillers for adsorbents, 17 
Filtrol layers, 15 
Fisher Label Glaze, 108 
Flavonoids, 148 
Floridin Co., 29 
“Florisil,’* 15,27,29 
on microchromatoplates, 46 
Fluka, A. a, 28 
Fluorescence 

in preparative chromatogiaphy, 20 
in quantitative TLC, 122 
in visualization, 87 

Fluorescing agents in thin layers, 20, 21 
Formamide impregnation of layers, 24, 26, 
48 

Formic acid solutions of polyamide resins, 
25.41 

Gallard-Schlesinger Corp., 28 
Gangliosides, 161 
Gas chromatography, 3 
with thin-layer chromatography, 1 1 
Gas-flow counter 
for radioactive visualization, 105 
in preparative chromatogiaphy, 112 
in quantitative TLC, 123 
General Electric Co., 104 
Glass plates 
cleaning, 33 
ground, 30 

microscope slide size, 32 
“Pyrex,” 32 
ridged, 30 

size and thickness, 31 
Glycerides, 74, 120, 158 
Giycerolysis of linseed oil, 8 
Glycolipids, 160 
Glycols, 163 
Glycosides, 73, 134, 136 
Gradient elution, 74 
on ion -exchangers, 65 
Ground glass plates, 30 
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Gypsum, 18 
dehydration, 46 

Hamilton Co., Inc., 53 
2,5-Hexanedione, 23, 65 
Homologous series, separation, 49 
Honeybee larval foods, 181 
Horizontal development 
circular, 70 

linear, continuous, 70, 76, 78 
Hostalen S, 26, 29 

Hot plate, sample application on, 53, 57 
Hydrogenation, 60, 76 
Hydroxyl-apatite, 26 

Inorganic complexes, 150 
Inorganic ions, 149 
Insecticide residues, 10 
Insecticides, 151 
Iodine 

in preparative chromatography, 112 
spots, preserving with benzidine, 85, 86 
Ion-exchange 
cellulose powders, 25 
chromatography, 65 
resins, 25 

Iron in Silica Gel G, 19 
Irradiation, 60, 76 

Isotherms, relation to tailing and beard- 
ing, 81, 82 

Johns-Manville, International Corp., 29 

Kensington Scientific Corp., 36 
Kerasin sulfate, 161 
Ketals, hydrolysis on thin layers, 16 
Ketones, 128 
Kieselguhr, 14, 24 
buffered, 24 
commercial sources, 28 
impregnated with paraffin, 24 
Kieselguhr G 

impregnated with undecane, 24 
with complexing agents, 24 
Kinetic study of reactions, 8 
Kirchner-type apparatus for layer prep- 
aration, 31, 36 


advantages and disadvantages, 37 
commercial models, 36 
modified, 36 

Knight and Groennings eluotropic series, 
61,62 

Lactams, 139 
Lactones, 139 

Lantern slides, see Microchromatoplates 
Layer, 2, see Thin layers 
preparation for preparative chromatog- 
raphy, 110 

thickness in preparative chromatog- 
raphy, 110 
Lecithins, 161 

Linseed oil, kinetic reaction study of 
glycerolysis, 8 
Lipids, 26, 72, 73 
class separation, 152 
fatty acid esters, 155 
fatty acids, 155 
glycerides, 158 
glycolipids, 160 
phospholipids, 161 
sulfolipids, 161 
Lumiflavin derivatives, 182 
Luminescent chemical No. 601, 21, see Zinc 
silicate 

Luminescent substance ZS-Super, 21 

Macherey, Nagel and Co., 28 
Magnesium carbonate layers, 15 
Magnesium ion, quantitative assay, 117 
Magnesium oxide 
as binder, 18 
layers, 15 

-silica gel, see “Florisil** 

Magnesium silicate, see ^'Magiiesol” 
“Magnesol,” 27 

Mass spectrograph with thin-layer chro- 
matography, 11 

Menthofuran, quantitative assay, 120 
Menthols, see Essential oils, 176 
Menthyl salicylate, quantitative assay, 122 
Merck, E., A.G., 28 
Mercury salts of olefins, 182 
Metalorganic compounds, 149 
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Methanol- water- adsorbent slurries, 36, 41 
Microchromatoplates, 32, 42 
cleaning, 44 

containing sulfuric acid-adsorbent lay- 
ers, 45 

drying and activation, 45 
Peifer slurries, 46 
preparation by dipping, 44 
preparation with mechanical devices, 42 
preparation with Stahl apparatus, 42 
Microscope slides for thin layers, 32, see 
Microchromatoplates 

Microsyringe for sample application, 53, 
55 

Minimum spot visibility for quantitative 
TLG, 120 

Minor components, accentuation, 74 
Mint oils, classification system, 13 
Mixed adsorbents, 27 
Moisture 

effect on thin layers, 48 
protection against, during sample spot- 
ting, 53 

Monopotassium phosphate-disodium phos- 
phate buffer, 22 

Morgan apparatus for sample application, 
56,111 

Mottier elution tube 
for preparative work, 113 
in quantitative TLC, 122 
Moving syringe apparatus for sample ap- 
plication, 57, 58 

Multicomponent development systems, ef- 
fect on Ji/, 81 

Multiple capillary spotting device for pre- 
parative chromatography, 56 
Multiple pass chromatography, 71 
Multiple-pass development in preparative 
chromatography, 112 

Narcotics, 140, 182 

“Neatan” for preserving layers, 108 

Neuraminic acid, 182 

Nitramine explosives, 180 

Nitro compounds, 133 

Nitro phenols, 164 

Nonaqueous slurries, 41, 46 


Nonbound powders 
alumina, 23 
development of, 67, 69 
sample application, 57 
spraying of, 23 

Nucleotides, 18, 25, 26, 74, 162 

Olefins, mercury salts, 182 
Open-column chromatography, 4 
Optimum number of passes in multiple 
pass development, 71, 72 
Organic solvent-adsorbent slurries, 36 
Oversaturation, 81 

Oxalic acid, addition to thin layers, 20 
Oxidation on thin layers, solvent system 
for, 59, 64, 65 

Paper chromatography, 3 
as guide for solvent choice, 63 
“Paper prints” for zone location on un- 
bound layers, 112 
Paraffin, for imbedding layers, 107 
Paraffin impregnation of layers, 24, 49, 50 
Partition chromatography, 2, 15, 24 
conditions for, 18 
definition, 2 
developing solvents, 63 
layer drying, 47 

layer impregnation with polar liquids, 
48 

preparative work. 111 
Perfumes, 143 
“Perlon,” 26, 29 
Peroxides, 181 
Pharmaceuticals, 140 

Phenolic acids, kinetic study of methyla- 
tion, 8 
Phenols, 163 

in thin-layer electrophoi'esis, 79 
Phenylhydrazone formation on thin lay- 
ers, 59 

3-Phenyl-2-thiohydantoins, 167 
Phloroglucinol-butanones, 181 
Phosphate 
buffers, 22 
esters, 181 

Phosphenoxides, 180 
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Phospholipids, 161 
Phosphorescence in visualization, 87 
Phosphorescent chemicals in thin layers, 
20, 21 

Photostats and photographs in quantita- 
tive TLC, 120 
Photovolt Corp., 120 
Piperidoles, 181 
Plaster of Paris 
as binder, 16, 18 
bound alumina, 23 
bound “Celite," 26 
bound cellulose powder, 25 
bound “Florisil,'* 27 
bound hydroxyl-apatite, 26 
bound kieselguhr, 24 
bound silica gel, 19 
difficulties arising from, 18 
layers, 26 
preparation, 19 
Plasticizers, 181 

Plate holders for development, 67 
“Polaroid” photography, 107 
Polyacrylic acid esters for preserving lay- 
ers, 108 

Polyacrylonitrile, 29 
“Perlon” mixtures, 26 
Polyamide layers, preparation from formic 
acid solutions, 41 
Polyamide powders, 25 
commercial sources, 29 
nonbound, 25 
Polyamide resin, 25 
g- Polycaprolactam resin, 25 
Polyethylene glycol impregnation of thin 
layers, 49 

Polyethylene powder, 26 
Polypeptides, 167, 168 
Polyvinyl alcohol, as binder, 16 
Poor man’s layers, 40 

Potassium hydroxide, added to thin layers, 

21 

Potassium ion, quantitative assay, 117 
Preliminary study for solvent choice, 62 
Preparative thin -layer chromatography, 1, 
8, 109 

adsorbents, 110 
compound elution, 113 


development, 112 
layer preparation, 110 
on unbound layers, 111 
optimum layer thickness, 33 
sample application, 53, 111 
devices for, 54, 56, 57 
in V-shaped ditch, 54 
with pipette, 54 
sample quantities, 111 
slurry preparation, 34, 35 
solvent choice, 112 
visualization, 112 

Propylene glycol impregnation of layers, 
48 

Proteins, 166 
by gradient elution, 74 
on hydroxyl-apatite, 26 
on “Sephadex,” 26 

Pseudoionone, 8 

Pyrethrins, 151 

in two-dimensional chromatography, 77 
study of irradiation, 77 

“Pyrex” plates, 32 

Quantitative assay 
after elution, 121 
algebraic methods, 118 
by densitometry, 1 19 
by minimum spot visibility, 120 
by streak length, 119 
graphical methods, 117 
on thin layers, 117 

Quantitative thin-layer chromatography, 
11, 116 

colorimetric methods, 122 
definition, 1 

fluorescence methods, 122 
prewashing layers, 121 
radioactivity methods, 123 
sample application, 53 
spectrophotometric methods, 121 

values, for standardization of Rf values 
of esters, 82 

Kb values, for standardization of Rf val- 
ues of 2, 4-DNPH’s, 82 

Racks for holding layers during develop- 
ment, 67, 68 
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Radioactive visualization, 104 
in preparative chromatography, 112 
Radioactivity methods in quantitative 
chromatography, 123 
Radix pimpinellae, adulteration, 180 
Reaction studies, 8 

Regeneration of bases from their salts, 58 
Reporting Rf values, 82 
Reproducibility Rf values, 80 
Research Specialty Co., 40 
Retenen, 179 

Reversed phase chromatography, 11, 17, 
18, 24, 49 

developing solvents, 64 
Reversed phase layers, 50 
Rf values 
definition, 2 
effect of adsorbent, 80 
effect of chamber saturation, 81 
effect of developing system, 80 
effect of multicomponent developing 
systems, 81 

effect of temperature, 82 
relation to amount of sample, 81 
relation to column separations, 10 
relation to solubilities of substances, 63 
reliability of, 80 
reporting, 82 
variation in mixture, 81 
Rhodamine 6G in thin layers, 21 
Ridged glass plates, 30 
Ritter-Meyer apparatus 
for adsorbent removal, 113 
for sample application, 57, 58, 111 

values, for standardization of Rf val- 
ues of steroids, 82 

Sample application, 51 
amount applied, 52 
diagnostic chromatography, 52, 53 
for quantitative chromatography, 53 
in preparative chromatography, 53, 1 1 1 
mechanics, 52 

protection of layer from moisture, 53 
solvent for, 51 
to unbound layers, 57 
with paper device, 53 


with spotting template, 53, 54 
wdth wire loop, 53 
Sample transfer without elution, 57 
Sapogenins, 169, 174 
Schuchardt, Firma Dr. Th., 60 
Scintillators in quantitative TLG, 123 
“Scotch” tape for preservation of layers, 
107 

Semicarbazone formation on layers, 59 
Separation-reaction -separation technique, 
76,77 

“Sephadex,” 26, 29 
Shandon Scientific Co., Ltd., 38 
Shaped area chromatograms, development 
and preparation, 74, 75 
Silica gel, 17 
buffered, 21 
commercial sources, 28 
comparison with silicic acid, 14 
containing complcxing agents, 22 
decomposition on layers of, 16 
-magnesia, see “Florisil” 
preparation from water glass, 18 
properties, 14, 15 
with no binder, 18, 20 
with plaster of Paris binder, 18, 19 
with starch binder, 19 
Silica Gel G, 18 
-calcium hydroxide layers, 21 
difference in batches, 80 
ferric ion in, 19 

impregnation with nonpolar liquids, 50 
-Kieselguhr G mixtures, 27 
mixed with calcium hydroxide, 27 
on raicrochromatoplates, 46 
purification, 19 
sulfuric acid layers, 46 
treatment with dichlorodimethylsilane, 
86 

Silicic acid 

comparison with silica gel, 14 
layers, 15 

Silicone oil impregnation of layer, 50 
Silver nitrate 

impregnated layex's, spraying, 85 
in silica gel layers, 22 
sprayed on layer as complcxing agent, 
22,48 
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Sliding layers with aqueous solvents, 67 
Slurries, preparation, 34, 35, see also Ad- 
sorbent slurries 

for layer preparation by dipping, 46 
Sodium acetate buffer, 22 
Sodium diethyidithiocarbaminate, addition 
to impregnated layers, 49 
Sodium fluorescein in thin layers, 20, 21 
Sodium molybdate in kieselguhr layers, 24 
Sodium tungstate in kieselguhr layers, 24 
Soladulcidin, 182 
Solubilities, relation to Rf, 63 
Solvent systems, effect on Rf, 80 
Solvents, see Developing solvents 
Spatula, machined to make thin layers, 41, 
45 

Spectrophotometry in quantitative TLC, 
121 

Sphingomyelins, 161 

Spot area, relation to content, 117 

Spot density, relation to content, 119 

Spotting, definition, 2 

Spotting sample, see Sample application 

Spotting template, 53, 54 

Spray reagents, 88 

specific, cross reference, 103 
Sprayed layers, preparation, 40 
Stabilized layers, 86 

Stahl-Desaga dye system for layer stand- 
ardization, 82 

Stahl-type apparatus for layer prepara- 
tion, 37, 38 

commercial models, 37-40 
modification to insure uniform thick- 
ness, 38 

noncommercial models, 40 
plastic model, 40 
Starch, as binder, 16, 18 
Starch-bound 
alumina, 24 
“Magnesol,” 27 
silica gel, preparation, 20 
silicic acid, preparation of slurry, 34 
silicic acid with phosphors, preparation, 
35 

. zinc carbonate, 26 

Starch layers, 15 

Stein, Hall and Co., Inc., 20 



Stepwise development, 72 
involving adsorbent replacement, 73 
Steroid esters, decomposition on thin lay- 
ers, 16 

Steroids, 26, 169 

Strain eluotropic series, 61, 62 

k-Strophanthin, 136 

Sublimation from thin layers, 85, 114, 115 
Sugars, 24, 26 

amination during chromatography, 16 
Sulfides, 180 
Sulfolipids, 161 
Sulfonamides, 140 
Sulfones, 180 
Sulfoxides, 180 
Sulfuric acid 

addition to thin layers, 20 
as spray reagent, 86 
spray on starch layers, 18 
visualization by addition to layers, 20 
“Superior A A Tapioca Flour” as binder, 
20, 36 

Syringe for sample application in prepara- 
tive chromatography, 111 

Tailing, 65, 82 
Talc layers, 15 
Tars, 143 

Temperature, effect on Rf values, 82 
Terpenoids, 175 

Test tubes containing thin layers, 32, 41 
Tetradecane impregnation of layers, 50 
Theory of chromatography, 2 
Thick-layer chromatography, 110 
Thick layers, decreased water in slurry, 34, 
35 

Thickness of thin layers, 32 
Thin-film chromatography, 4 
Thin-layer chromatography, 4 
books, 7 
chambers, 83 
general applications, 7 
history, 4 
motives, 7 
reviews, 7 

Thin-layer patterns, 13 
Thin layers 

application of sample, 51 
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Thin layers — confd 
chemical reactions on, 57 
drying and activation times, 46 
effect of humidity, 48 
impregnation, 48, 50 
in test tubes, 32, 41 

maximum temperature for activation, 46 
moisture content, 33 
of dry powders, 46, 47 
devices for preparation, 47 
thickness, 33 

on both sides of a glass plate, 32 
on microscope and lantern slides, 42, 
see Microchromatoplates 
preparation, 30, 33 
by dipping (microscope slide), 44 
by nonmechanical means, 40 
by spraying, 40 
by tipping, 41 

commercial apparatus, 36-40 
of uniform, 38 

on plates with removable metal edges, 
41,45 

on ridged plates, 30 
on taped plates, 40, 44 
post-preparative operations, 48 
using a machined spatula, 41, 45 
prewashing, 48 
rack for drying, 48 
relation of Rf and thickness, 33 
storage, 48 

sublimation from, 85 
thickness, 32 

treatment with dichlorodimethylsilane, 
86 

visualization, 84 
Thio lactones, 139 
Thiophenes, 180 
Fhiophosphate esters, 151 
Thomas, A. H., Co., 36, 57 
Tocopherols, 178 
Toyo Rayon Co., 29 

Transparency methods of visualization, 103 
Transparent layers in photography, 106 
Trappe eluotropic series, 61, 62 
Tritium 

in preparative chromatography, 112 


quantitative assay, 123 
visualization, 105 
Two-dimensional development 
normal and reversed phase techniques, 
75 

with reaction between developments, 76 
with two adsorbent systems, 76 
with two solvent systems, 75 

Ubiquinones, 179 
“Ultraphor,” 21 
Ultraviolet photography, 107 
Undecane impregnation of layers, 24, .50 
Usnic acid, 181 

“Versene” for layer prewash, 48 
Visualization, 2, 84 
by bioassay, 105 
by fluorescence, 87 
by phosphorescence, 87 
by radioactivity methods, 104 
by sublimation, 85 
by transparency, 103 
corrosive spray reagents, 85, 86 
in colorimetric assay, 1 22 
of preparative chromatograms, 1 12 
spray reagents, 88 
universal spray reagents, 85, 86 
Vitamins, 178 

Volatile compounds, visualization, 85 

Water as spray reagent, 102, 103, 113 
Wire loop for sample application, 53 
Woelra, M., A.G., 28 
Wool wax, 143 

X-ray film, 104 

Zerox Corp,, 106 

Zinc cadmium sulfide as phosphor in lay- 
ers, 20, 21 

Zinc carbonate layers, 26 
Zinc silicate as phosphor in thin layers, 
20,21 

“Zytel 61,” as binder, 16, 26 





